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ABSTRACT
Lower Limb Bone Shape and Structure Among Populations 
of Differing Lifestyles: Effects of Biomechanical 
Stress and Inferences of Activity
by
Michele Mareela Bleuze
Dr. Jennifer L. Thompson, Examination Committee Chair 
Associate Professor of Anthropology 
University of Nevada, Las Vegas
It is known that activity-related stresses and mechanical loadings affect adult bone 
morphology. When subsistence patterns are known based on the archaeological record, 
one can speculate about activity repertoires and assume that a particular pattern of bone 
morphology should result. However, the relationship among subsistence economy, 
presumed activity and bone morphology is not simple since differences in the latter have 
been documented between populations practicing the same subsistence patterns. The 
purpose of this study is to examine how well presumed subsistence-related activities 
correlate with bone morphology.
In addition, this study will investigate the degree to which sex differences can be 
explained by differences in mechanical loading. Mechanically-sensitive traits should be 
expressed differentially depending on the magnitude of mechanical loadings. If such 
differences in expression are apparent between males and females within a population, 
then it can be speculated that the sexes were participating in different activities—or at 
least in activities that yielded different mechanical loadings.
Ill
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Three archaeological samples from populations that practiced different 
subsistence economies were used to examine the relationship between presumed activity 
patterns and lower limb morphology: 1) Chumash from Point Sal, California (coastal 
hunting, foraging and gathering); 2) Ancestral Puebloan from Paa-ko, New Mexico 
(broad-based subsistence to increased reliance on agriculture); and, 3) Nicolenos from 
San Nicolas Island, California (maritime).
Although there have been several biomechanical studies that have looked at the 
relationship between skeletal morphology and physical activities, this study takes a 
different approach in two ways. First, this study will examine temporal trends in adult 
lower limb phenotypes that are known to be mechanically sensitive and flexible within 
populations under different subsistence economies in order to analyze the accuracy to 
which such phenotypes can reflect presumed activity levels based on known subsistence 
practices. In short—to examine how well the skeletal data (i.e. morphology indicative of 
activity) correlates with the archaeological evidence of subsistence practices.
Second, the relationship between the expression of lower limb flexible traits and 
maturation in immature individuals will be analyzed. The purpose of this is to examine 
how and when such traits are expressed during skeletal maturation, and to determine if 
the expression of such traits are strictly related to skeletal growth and development, or if 
they can be explained from a biosocial and/or bioarchaeological perspective.
The questions this study will address include: 1) To what degree do mechanically- 
sensitive flexible traits of adult lower limb bones reflect presumed activity practices and 
patterns in archaeological populations with known subsistence economies?; 2) To what 
degree can sexually dimorphic differences in flexible traits be explained by differences in
IV
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mechanical loading?; and, 3) How are flexible traits expressed among different immature 
age cohorts?
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CHAPTER 1 
INTRODUCTION
In 1892, Julius Wolff, a German medical doctor, proposed “every change in the 
form and function of bone or of their function alone is followed by certain definite 
changes in their internal architecture, and equally definite alterations in their external 
conformation, in accordance with mathematical laws,” (in Frost, 1998, p. 600). Since 
then, it has been demonstrated that the internal and external structures of bone, 
specifically of the upper and lower limbs, differ among both archaeological and modem 
human populations due to biomechanical loading and stress, diet, pathology and genetics 
(Brothwell et al, 1968; Lovejoy et al, 1976; Larsen, 1981; Tate et al, 1982; Senut,
1985; van der Meulen et al, 1995; Ruff, 1987; 1994; 2000a; Ruff et al, 1992; Ruff et al, 
1993; Bridges, 1989; Bridges et al, 2000; Abbott ef a/., 1996; Lieberman, 1997; Schultz, 
1999; Trinkaus, 1997; Trinkaus et al., 1999a; Trinkaus et al, 1999c; Jurmain, 1999; 
Fajardo et al, 2001; Stock et al, 2001; Plavcan et al, 2001; Putschar, 1966; Moseley, 
1966; Frost, 1966; Hughes, 1968; O’Rahilly et al., 1976; Ortner et al, 1998; Lovejoy et 
al., 1999; Trinkaus et al, 1999; Havill, 2003).
It has also been shown that stresses from the physical environment can play a role 
in influencing bone shape and structure (Ruff et al, 1993; Holliday, 1998; Ruff, 2000; 
Pearson, 2000; Stock et al, 2001). Finally there are age- and sex- related changes that 
occur throughout an individual’s lifetime in trabecular and cortical bone remodeling.
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which affect bone shape and size (van der Meulen et al, 1996; Feik et al, 1997; Feik et 
al, 2000). For example, there is a linear relationship between age and secondary osteon 
population density as well as age and porosity, especially in women (Frost, 1989; 
Lieberman, 1997). Moreover, it has been shown that significant changes occur in femoral 
cross-sectional dimensions during the period of rapid growth associated with adolescence 
(van der Meulen et al, 1996).
Clearly, the skeleton displays a high propensity for plasticity and flexibility. Some 
phenotypes are genetically conserved (e.g. joint structure) and thus are usefully for 
phylogenetic analyses while others, initially expressed by genetic means, develop in 
response to environmental stimuli (e.g. limb robusticity). Finally, there are phenotypes 
that have a non-genetic basis, and therefore serve no phylogenetic significance. Such 
phenotypes can be divided into two categories according to Piersma et al (2003). 
Developmentally plastic phenotypes are influenced by the environment during 
development. Their expression is fixed and is not variable within an individual (Piersma 
et al, 2003). Conversely, phenotypically flexible traits are those that are reversible, and 
thus may be differentially expressed within an individual throughout his/her lifetime 
(Piersma et al., 2003).
Of interest to this study are phenotypically flexible traits brought about by 
mechanical influences, which can reflect activity levels in adults. Among immature 
individuals, such traits can be studied to assess the differential expression of 
mechanically sensitive, flexible phenotypes associated with maturation. Following 
Piersma et a l ’s definition of flexible traits, the degree of such traits should be present in
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differing degrees at various stages of maturation depending on the advantage they confer 
for a given stage of human growth and development.
Previous Studies
Several studies on comparative functional morphology at the anatomical level 
have shown the flexible nature of weight-bearing bones in response to biomechanical 
forces in vivo. In an analysis of Georgia Coast populations, Larsen found morphological 
differences in the post-crania between pre-agriculturalists (2200 BCE-1150 CE) and 
mixed agriculturalists/hunter-gatherers (1150 CE-1550 CE) (1981). Since “a lifeway 
based on hunting and gathering appears to involve more functional demand on the body 
than one in which agriculture is the primary mode of subsistence,” (1981, p. 422) one 
would expect that the skeleton would have to adapt in order to meet such functional 
demands. With the shift to mixed agriculture and reduced hunting practices came a 
decrease in female femoral robusticity and an increase in male femoral sub-trochanteric 
“flatness”, or platymeria (Larsen, 1981).
In another study of Georgia coast pre-agriculturalists and agriculturalists, Ruff 
and Hayes found that relative femoral strength was similar between the pre­
agriculturalists and Pecos Pueblo agriculturalists (1983). This finding was unexpected 
since pre-agriculturalists and agriculturalists participate in different types of activities.
However, it was later realized that the similarity was due, in large part, to the 
rugged terrain, which further stressed Pecos Pueblo individuals, thus strengthening their 
muscles and femoral diaphyses. However, in terms of shape, the two agricultural groups 
were more similar to eaeh other than either was to the pre-agricultural group. This finding
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may reflect the greater similarity in types of mechanical stresses related to habitual 
activities undertaken among groups of similar subsistence practices. It appears that 
overall diaphyseal shape, strongly influenced by muscle forces, may be indicative of 
mobility levels, with rounder diaphyses more common in less mobile, agricultural 
populations (Ruff, n.d.).
Bridges et al. (2000) studied how the increasing intensification of maize 
agriculture in West-Central Illinois affected bone morphology. Male and female humeri 
and lower limb bone samples fi’om the Middle Woodland (50 BCE-250 CE), Late 
Woodland (250 CE-1100 CE) and Mississippian (800 CE-1300 CE) periods were 
analyzed. During the late Middle Woodland, maize was introduced in the region, but was 
not a significant part of the diet, since hunting, foraging and gathering was still widely 
practiced (Buikstra, personal communication, 2004). Early experimentation with 
agriculture was practiced throughout the Late Woodland period, especially during the 
latter part of it (Buikstra, personal communication 2004). However, maize agriculture 
was intensely practiced during the Mississippian period.
Bridges et al. (2000) found that humeral strength increased over time, especially 
among females, and that femoral strength decreased over time, especially among males. 
They suggested that increased activity of the upper limbs of females, related to intense 
manual labor associated with agriculture (e.g. grinding maize), may have contributed to 
increased humeral strength, while a decrease in mobility and/or activity level in males 
may account for the decrease in femoral strength.
Ledger et al. (2000) examined the long bones from three groups: slaves or ‘freed- 
blacks’ from a late 18* century cemetery in South Africa; hunter-gatherers associated
4
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with the Late Stone Age (2000-4000 BP); and a modem sample of physically active 
laborers of low socioeconomic status. They assessed the physical demands that the slaves 
or ‘freed-blacks’ faced by comparing the strengths of their humeri and tibiae to those 
from the hunter-gatherer and modem groups. Since “mechanical bone stress and strain 
developed under loading influence the amount and distribution of cortical bone, [the 
geometric properties of a bone] may be used to reconstmct past in vivo types and degrees 
of physical activities and ultimately the individual’s lifestyle,” (Ledger et al., 2000, p. 
208). Their results showed that the individuals from the cemetery lived a physically 
demanding lifestyle more comparable to hunter-gatherers than to their descendants from 
the modem group (Ledger et al., 2000).
Shape and stmctural variations among individuals habitually participating in 
different activities within a genetically continuous population is certainly evident at the 
macroscopic level. These differences can cautiously be used to bolster archaeological 
and/or ethnographic evidence of particular subsistence practices. For example, if the 
femoral midshaft presents with a much greater anterior-posterior diameter than medial- 
lateral diameter (i.e. a Dgp/Dmi ratio much greater than 1.0), then it is suggested that 
mechanical loadings are higher in the anterior-posterior plane rather than the medial- 
lateral one. This results from constant activation of the knee flexor and extensor muscles 
(Currey 1984; Guo 2001). Thus, if this attribute is found in a population at a high 
frequency, and there is no archaeological evidence to suggest sedentism, than it can be 
postulated that the mode of subsistence was probably one that required a lot of mobility, 
such as hunting, foraging and gathering. Conversely, if the subsistence economy of a 
population is unknown skeletal mechanical assessments can be used cautiously to
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reconstmct activity patterns that are potentially associated with a particular subsistence 
practice.
Additionally, limb bone morphology can give insights into gender roles. Sexual 
division of labor related to subsistence activities and/or other daily activities have been 
shown to occur within several populations based on significant differences between male 
and female limb bone shape and stmcture (Ruff et al, 1983; Ruff, 1987; Bridges, 1989; 
Ledger et al, 2000). Furthermore, gender differences can be used to deconstruct 
stereotypes about male and female roles under various subsistence regimes.
For instance, in most agricultural societies males are traditionally responsible for 
preparing the field and sowing seeds, while females typically harvest the crops and 
prepare the food (e.g. grind maize into meal). However, based on skeletal evidence. 
Bridges (1989) found that Mississippian (1200-1500 CE) females from a site in 
northwestern Alabama were responsible for the bulk of agricultural work. These females 
had stronger arms and greater bilateral symmetry than their Archaic (6000-4000 BCE) 
counterparts, which “are likely to be related to an activity requiring increased flexion and 
extension at the elbow and imposing equivalent forces on both arms,” (1989, p. 390). 
Males, on the other hand, showed no change in humeral strength between the Archaic and 
Mississippian periods (Bridges, 1989).
Mississippian males and females showed an increase in femoral strength when 
compared to their Archaic counterparts, but the increased strength was achieved 
differently. Mississippian males had stronger femora due to an increase in cortical area, 
while females experienced a redistribution of bone material, which aided in resisting 
higher levels of mechanical loads (Bridges, 1989). “These findings accord well with
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historical accounts of Southeastern Indian agriculturalists...females were responsible for 
most of the agricultural work, while retaining many of the same gathering and household 
duties as their Archaic forebears,” (1989, p. 391).
Finally, analyzing the effects of biomechanical stresses among immature age 
cohorts can add to the knowledge of developmental skeletal biology and phenotypic 
flexibility (Piersma et al., 2003; Ancel-Meyers et al, 2002; Feik et al, 2000; van der 
Meulen et al, 2000; Lovejoy et al., 1999). Although not much work has been done in this 
field, it has been shown that femoral length is allometrically scaled with chronological 
age among Caucasian adolescents (van der Meulen et al, 2000). Of interest to this study 
is analyzing the relationship between skeletal maturation and changes in flexible 
phenotypes. Both processes occur simultaneously in immature individuals, so the aim is 
to determine how flexible traits are expressed during subsequent stages in growth and 
development.
Purpose
It is known that activity-related stresses and mechanical loadings affect adult bone 
morphology. When subsistence patterns are known based on the archaeological record, 
one can speculate about activity repertoires and assume that a particular pattern of bone 
morphology should result. However, the relationship among subsistence economy, 
presumed activity and bone morphology is not simple since differences in the latter have 
been documented between populations practicing the same subsistence patterns. The 
purpose of this study is to examine how well presumed subsistence-related activities 
correlate with bone morphology.
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In addition, this study will investigate the degree to which sex differences can be 
explained by differences in mechanical loading. Mechanically, sensitive flexible traits 
should be expressed differentially depending on the magnitude of mechanical loadings, 
and if such differences in expression are apparent between males and females within a 
population then it can be speculated that the sexes were participating in different 
activities—or at least activities that yielded different mechanical loadings.
Three archaeological samples from populations that practiced differing 
subsistence strategies were used to examine the relation
nship between subsistence economy and lower limb morphology: 1) Chumash 
from Point Sal, California (coastal hunting-fbraging-gathering); 2) Ancestral Puebloan 
from Paa-ko, New Mexico (broad-based subsistence to increasing reliance on 
agriculture); and, 3) Nicolenos from San Nicolas Island, California (maritime).
Although there have been several biomechanical studies that have looked at the 
relationship between skeletal morphology and physical activities, this study takes a 
different approach in two ways. First, this study will examine temporal trends in adult 
lower limb phenotypes that are known to be mechanically sensitive and flexible within 
populations under different subsistence regimes in order to analyze the accuracy to which 
such phenotypes can reflect presumed activity levels based on known subsistence 
practices. In short—to examine how well the skeletal data (i.e. morphology indicative of 
activity) correlates with the archaeological evidence (i.e. subsistence economy).
Second, the relationship between the expression of lower limb flexible traits and 
maturation in immature individuals will be analyzed. The purpose of this is to examine 
how and when such traits are expressed during skeletal maturation, and to determine if
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the expression of such traits are strictly related to skeletal growth and development, or if 
they can be explained from a biosocial and/or bioarchaeological perspective.
The questions this study will address include: 1) To what degree do mechanically 
sensitive, flexible traits of adult lower limb bones reflect presumed activity practices and 
patterns in archaeological populations with known subsistence economies?; 2) To what 
degree can sexually dimorphic differences in flexible traits be explained by differences in 
mechanical loading?; and 3) How are flexible phenotypes expressed among different 
immature age cohorts?
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CHAPTER 2
MATERIALS AND METHODS 
Functional adaptations to biomechanical stresses are local in nature. However, it 
is difficult to determine if the origins of such stresses are from patterns of activity if 
competing variables are not controlled. Comparing populations inhabiting differing 
physical terrain is an inappropriate method for analyzing the effects of activity-related 
stresses on the skeleton because terrain has an effect on lower limb morphology (Ruff, 
1983; Stock et al, 2001). By controlling for terrain, it would seem logical that the 
principle stresses and loads placed on the bones should be derived primarily from activity 
patterns.
Additionally, comparisons between and among genetically discontinuous 
populations are imprudent because observations may be made on inherited traits rather 
than activity-related effects. Therefore, it is important to control for genetic continuity in 
order to decrease the amount of variation in bone structure that is related to genetic 
differences. Thus, adults fi-om the three sample populations will not be compared with 
each other. Instead, temporal within-group comparisons will be made. Inter-population 
comparisons will be made among immature individuals because the purpose is to find an 
association between maturation and the expression of mechanically sensitive flexible 
traits.
10
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Point Sal
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Figure 1. Map of California. Point Sal is located in Santa Barbara County near the 
boundary with San Luis Obispo County. San Nicolas Island is part of the Channel 
Islands, which is also part of Santa Barbara County. (Not to scale).
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The three sample populations in this study come from archaeological collections 
housed at the San Diego Museum of Man, and include individuals from Point Sal in 
northern Santa Barbara County, San Nicolas Island off the southern California coast and 
Paa-ko from north-central New Mexico (Figure 1). These populations are chosen because 
according to the archaeological and linguistic evidence, each population occupied a 
specific locale for an extended time and each population is assumed to be genetically 
continuous. Thus, temporal trends in lower limb morphology can be examined under 
three varied regimes: 1) stable coastal hunting-fbraging-gathering, 2) stable maritime, 
and, 3) hunting-fbraging-gathering with supplemental agriculture to broad-based/mixed 
subsistence.
Complete lists of specimens by time period, site, estimated age at death and 
estimated sex are given in Tables 1 through 3.
Historical Background of Sample Populations 
Point Sal
Point Sal (N 120° W 35°) is a rocky promontory in the Casmalia Hills of northern 
Santa Barbara County, California (Carter, 1941). The general topography of the region is 
one of rugged coasts, rocky headlands and narrow coastal plains (Erlandson, 1994). 
Although it is considered peripheral to the central Chumash area, archaeological evidence 
suggests that the indigenous Chumash occupied the site over a continuous time period 
(Carter, 1941). As is the case in modem times, a Mediterranean climatic regime, which 
consists of wet, cool winters and warm, dry summers, characterized the area during the 
Chumash occupation (Erlandson, 1994). The samples in this study come from strata 1,11
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and III of a shell midden that was excavated in the 1930s (Rose Tyson, personal 
communication 2004). Three radiocarbon dates have been obtained, which roughly 
correspond to these strata: 70-250 CE, 390-550 CE, and 540-660 CE, respectively (Rose 
Tyson, personal communication 2004). Thus, the samples span a period of about 600 
years.
Table 1. Point Sal Samples.
Time Period* SDMM# Male Female Age Cohort Femur/Tibia
540-660 CE 17749 # adult RL/RL
540-660 CE 17808 • adult RL/RL
580-650 CE 17809 • adult RL/RL
540-660 CE 17810 • adult RL/L
540-660 CE 17812 o*’ adult RL/RL
540-660 CE 17857 • adult RL/RL
540-660 CE 17859 • adult L/L
390-550 CE 17865 • adult X'/RL
390-550 CE 17867 • adult L/RL
390-550 CE 17868 immature RL/RL
390-550 CE 17869 • adult RL/RL
390-550 CE 17870 • adult RL/L
390-550 CE 18126 • adult X/L
70-250 CE 18127 • adult RL/X
70-250 CE 18128 immature X/RL
70-250 CE 18129 o adult R/R
110-230 CE 18130 • adult RL/RL
70-250 CE 18132 immature RL/L
70-250 CE 18274 immature RL/RL
70-250 CE 18275 # adult R/R
“#17809 and #18130 have been radiocarbon dated by Beta Analytic. The other samples 
are placed in time periods roughly corresponding to the stratum from which they were 
excavated. The strata are dated based on burial custom and artifact typology (Carter, 
1941).
Indicates probable sex.
° Denotes absence.
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Table 2. San Nicolas Samples.
Time Period Site SDMM# Male Female Age Femur/Tibia
Cohort
Middle Canalino SN-21-C 17647 • adult RL/X“
Middle Canalino SN-20 17648 • adult RL/X
Middle Canalino SN-21-B 17649 • adult RL/X
Middle Canalino SN-19 17651 o" adult RL/X
Middle Canalino SN-21-C 17652 # adult L/RL
Middle Canalino SN-15 17653 # adult RL/X
Middle Canalino SN-21-C 17654 o adult R/X
Middle Canalino SN-19 17657 # adult RL/X
Middle Canalino SN-7 17673 0 adult RL/X
Middle Canalino SN-21-B 17674 # adult RL/X
Middle Canalino SN-19 17675 • adult RL/X
Middle Canalino SN-5 17677 • adult L/X
Middle Canalino SN-18 17684 • adult R/X
Middle Canalino SN-1 17690 • adult R/RL
Middle Canalino SN-21-C 17717 • adult L/X
Middle Canalino SN-21-A 17730 • adult R/X
Middle Canalino SN-21-A 17731 • adult L/X
Late Canalino SN-21-A 17650 o adult RL/X
Late Canalino SN-14 17655 • adult L/X
Late Canalino SN-21-A 17656 • adult R/X
Late Canalino SN-17 17659 • adult R/L
Late Canalino SN-4 17660 • adult RL/X
Late Canalino SN-23 17672 o adult RL/X
Late Canalino SN-13 17676 o adult X/L
Late Canalino SN-3 17678 • adult L/X
Late Canalino SN-7 17679 • adult R/X
Late Canalino SN-7 17680 • adult L/X
Late Canalino SN-17 17681 # adult L/X
Late Canalino SN-16 17682 immature RL/R
Late Canalino SN-19 17685 o adult L/X
Late Canalino SN -l-A 17688 # adult RL/RL
Late Canalino SN-21-A 17714 o adult RL/X
Late Canalino SN-21-A 17715 • adult RL/X
Late Canalino SN-21-C 17718 # adult R/X
Late Canalino SN-21-B 17719 0 adult L/X
Late Canalino SN-21-A 17724 • adult L/X
Late Canalino SN-21-A 17725 • adult L/X
Late Canalino SN-21-A 17726 • adult L/X
Late Canalino SN-21-A 17727 o adult RL/X
Late Canalino SN-21-A 17729 • adult L/X
Late Canalino SN-1 17738 immature L/X
® Denotes absence. 
Indicates probable sex.
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Table 3. Paa-ko Samples.
Time Period Site SDMM# Male Female Age Femur/Tibia
Cohort
Historic Ba 1971-82-1 • adult RL/RL
Historic Ba 1971-82-7 • adult RL/R
Historic Ba 1971-82-11 adult L/RL
Historic Ba 1971-82-14 0 adult R/RL
Historic Ba 1971-82-15 • adult RL/RL
Prehistoric Ba 1971-82-19 • adult RL/RL
Prehistoric Ba 1971-82-20 • adult RL/X"
Prehistoric Ba 1971-82-34 o adult X/L
Prehistoric Ba 1971-82-39 immature RL/X
Prehistoric Ba 1971-82-41 • adult RL/RL
Prehistoric Ba 1971-82-47 immature RL/L
Prehistoric Ba 1971-82-48 immature RL/R
Prehistoric Ba 1971-82-56 • adult L/X
Prehistoric Ba 1971-82-63 • adult RL/RL
Prehistoric Ba 1971-82-64 • adult RL/RL
Prehistoric Ba 1971-82-67 o immature RL/X
Prehistoric Ba 1971-82-91 • adult R/X
Prehistoric Ba 1971-82-93 immature L/X
Prehistoric Ba 1971-82-95 immature R/X
Prehistoric Ba 1971-82-97 immature L/X
Prehistoric Ba 1971-82-98 • adult X/R
Prehistoric Ba 1971-82-101 immature L/X
Prehistoric Ba 1971-82-106a # adult R/X
Prehistoric Ba 1971-82-111 • adult RL/RL
Prehistoric Ba 1971-82-112 • adult RL/RL
Prehistoric Ba 1971-82-114 • adult L/RL
Prehistoric Ba 1971-82-118 • adult R/RL
Prehistoric Ba 1971-82-124 immature RL/X
Prehistoric Ba 1971-82-126 immature RL/X
Prehistoric Ba 1971-82-132 o adult L/RL
Prehistoric Ba 1971-82-135 immature L/X
Prehistoric Ba 1971-82-1386 • adult RL/L
Prehistoric Ba 1971-82-147 o adult R/RL
Prehistoric Ba 1971-82-155 • adult L/X
“Probable sex. 
Denotes absence.
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Bi-faced manos, metates, mortars, side-notched and stemmed projectile points, 
crude knife blanks, choppers, notched and oval-based blades and arrow points have been 
found within various midden strata (Carter, 1941). Although a coastal settlement, direct 
evidence for marine resource exploitation, such as fishhooks, which were commonly 
found in Chumash sites to the south, is absent at Point Sal. This by itself, however, 
cannot be taken as evidence for the lack of a maritime economy since projectile points 
halted onto shafts can serve as spears for shallow-water fishing. In addition, fishing nets 
made from organic material, which does not preserve in the archaeological record, may 
have been used. Evidence of the plank canoe, a Chumash innovation, is absent at Point 
Sal (Carter, 1941). This suggests that although unable to exploit resources out at sea, the 
inhabitants of Point Sal may have directed their subsistence economy towards shallow- 
water fishing and gathering, and interior hunting, foraging and gathering.
The archaeological record suggests that social complexity and stratification 
existed at Point Sal. “One male skull was found with fragments of antler and strings of 
beads on its forehead,” (Carter, 1941, p. 219), which at one time may have been a 
headdress. Some individuals were buried holding an object in their hands, while others 
were buried with nothing (Carter, 1941). One burial contained not only that of a human, 
but also of an eagle (Carter, 1941).
Burial customs in the form of burial position and post-mortem skeletal mutilation 
suggest differential funerary treatment of the sexes. As Carter (1941, p. 217) noted:
Thus male burials were more often seated, their mandibles were 
more often present, their skulls were more often whole, their 
foramen magnums more often broken, their skeletons more often
16
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complete, and sacrifice more often present than was the case with 
female burials.
It is conjectured that differential treatment of the sexes in death may reflect differential 
roles during life. If true, this should be evident in inter-sex analyses of the skeleton.
San Nicolas
San Nicolas Island (N 119° W 34°) is one of eight islands, which constitutes the 
Channel Islands off the coast of southern Califomia. Along with Santa Catalina, Santa 
Barbara and San Clemente islands, San Nicolas is part of the southern Channel Islands as 
opposed to Anacapa, Santa Rosa, San Miguel and Santa Cruz islands, which comprise the 
northern Channel Islands (Hardacre, 1971). The northern and southern division is 
important, as the island groups are viewed as two distinct cultural spheres within their 
respective areas (Raab, 1997).
Due to its small area, 22 mP (58 km^), San Nicolas Island is the least ecologically 
and biotically diverse of the Channel Islands (Schoenherr et al, . 1999). Grassy slopes and 
a terraced plateau in the center of the island dominate the appearance of San Nicolas 
(Raab, 1997). Sixty-eight archaeological sites have been identified to date and the highest 
estimated population at any one time is believed to have been 1,500 (Schoenherr et al, 
1999).
The northern islands were occupied by the Chumash, members of the Hokan 
language family while “Santa Catalina and San Clemente Islands, and probably San 
Nicolas Island as well, were occupied at the time of European contact by populations 
with cultural affiliations to the Gabrielino (Tongva) Indians” (Raab, 1997, p. 23). This
17
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group, part of the Uto-Aztecan (Shoshonean) language family, is associated with tribes of 
the Great Basin and Mojave Desert (Schoenherr et al, 1999; McCawley, 2002).
The San Nicolas Island collection is prehistoric (i.e. before Spanish contact in 
1542), but there are no radiocarbon dates for the material (Rose Tyson, personal 
communication, 2004). Based on associated grave goods and burial customs, the skeletal 
remains are associated with either the Middle (500 B C E -100 CE) or Late (100 C E -1500 
CE) Canalino'. The Canalino culture complex was first discovered by D. B. Rogers in 
1929, and corresponds to King’s Late Period, Wallace’s Late Prehistoric Horizon (Rabb, 
1997), and Olson’s Intermediate Mainland and Late Mainland (Orr, 1952). In the 1930s, 
Dr. Malcolm J. Rogers and colleagues collected the samples used in the present study.
Dr. Rogers and colleagues systematically excavated pits in previously undisturbed 
cemeteries and noted the presence of three distinct middens.
Although poorly defined by Rogers, the Canalino Culture comprised of a highly 
effective maritime economy, dramatic population increase, larger, permanent settlements, 
social organization, craft specialization, and religious/political leaders (Orr, 1956). The 
mortar and pestle were developed and asphalt was commonly used as an adhesive in 
several composite goods (Orr, 1952). There is a paucity of archaeological data from San 
Nicolas Island, therefore since the southern Channel Islands share a distinct cultural 
complex, data from Santa Catalina and San Clemente islands will be extrapolated to San 
Nicolas Island.
At the Eel Point site on San Clemente Island, evidence of abalone (Haliotis 
corrugata and H. fulgens) and pelagic, warm-water species of fish suggest that they
18
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formed a modest amount of the economic base during the Early Holocene, but fishing 
became more important during the Middle and Late Holocene (Raab, 1997). 
Archaeological evidence of pinniped, dolphin and sea otter hunting has also been found 
in association with Late Holocene sites (Raab, 1997; Grenda et al, 2002; Harrison et al, 
2003). Rabb (1997, p. 27) concludes that:
Three economic patterns from the southern islands and mainland 
illustrate the procurement tactics employed during the Middle 
Holocene: hunting of sea mammal and fishing on Santa Catalina 
and San Clemente Islands, abalone collecting on Santa Catalina 
Island, and the sheephead fishery on the mainland coast and San 
Clemente Island.
There is a general absence of elaborate maritime technologies until the early Late 
Holocene when circular shell fishhooks make their first appearance on the southern 
Channel Islands (3330 RYBP) (Raab, 1997). Pacific Coast archaeologists believe that by 
approximately 2500 BP, “all of the islands appear to have been populated by peoples of a 
maritime culture, and religious or linguistic differences do not appear to have limited 
trade or altered the life-style of the islands’ inhabitants” (Schoenherr et al, 1999, p. 64). 
In general, the Late Holocene was a time of marked reliance on sea mammal hunting, and 
year-round occupational sites oumumbered seasonal base camps (Grenda et a l, 2002).
Stable carbon isotope analyses on skeletal remains from the Late Holocene 
concur with the archaeological evidence. The high values of nitrogen isotopes within the 
bones indicate that San Nicolas inhabitants consumed a higher proportion of marine
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foods than terrestrial resources (Harrison et al., 2003). Moreover, the bone chemistry 
analyses show that there was no increase or decrease in marine food consumption 
throughout the Late Holocene (Harrison et al., 2003). It has been suggested that the 
constant reliance on marine resources “may be explained by the greater distance of San 
Nicolas Island from the mainland in relation to [other] islands,” (Harrison et ah, 2003, p. 
242). The bone chemistry analyses along with the archaeological data support the view 
that San Nicolas inhabitants did not undergo a substantial shift in subsistence economy.
Paa-ko
The Paa-ko site, L.A. 162, is located about 25 miles northeast of Albuquerque in 
the northeastern part of Bernalillo County within the Galisteo Basin of north-central New 
Mexico (Lambert, 1954; Spielmann, 1998). The Ortiz Mountains are to the east and the 
San Pedro and Sandia Mountains are to the west (Lambert, 1954). “About 100 yards east 
of the ruin is San Pedro Arroyo, which contains a permanent spring. A guaranteed source 
of water such as this is probably one of the primary reasons a village was established 
here,” (Lambert, 1954, p. 3). The highest altitude at the site is roughly 6,250 feet, and “in 
the environs of the ruin such vegetation as pinon, juniper, tree cactus, prickly pear, yucca, 
red barberry, skunk brush, and scrub oak occurs,” (Lambert, 1954, p. 3).
Tanoan people, of Ancestral Puebloan descent, first occupied the site during the 
latter part of the 13*** century until about 1425 CE, when a raid from the Plains Apache 
decimated the population and led to the abandonment of Paa-ko (Lambert, 1954). This 
time period has been termed as Pueblo IV of the Pecos Classification by several 
southwest archaeologists (Rose Tyson, personal communication, 2004).
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According to Spielmann, the Pueblo IV Period (1250-1540 CE) was the decline of 
Puebloan history. This was a time of “dramatic configuration of demographic, economic, 
political, ideological and social relations that was to last until Spanish entry into the New 
World,” (Spielmann, 1998, p. 1). Large villages were established in the American 
Southwest during this period. Craft specialization and long distance trade expanded. 
“Gender roles and relations were redefined during the Pueblo IV period, as were 
ideological allegiances and ceremonial practices,” (Spielmann, 1998, p. 1).
Historic reoccupation of Paa-ko occurred in the 16* century (Rose Tyson, 
personal communication, 2004). “Paa-ko was probably abandoned by 1672, for there is 
no mention of it then or later, except as a ruin,” (Lambert, 1954, p. 6).
Cultural artifacts recovered from Paa-ko, though scant and fragmentary, have 
been a key resource in providing information about the prehistoric and historic 
inhabitants. Ground and pecked-stone artifacts include metates and manos (Lambert,
1954). Axes made from sandstone, limestone, chert, schist, quartzite and fibrolite with 
little workmanship beyond grooving and notching were also recovered, as well as arrow- 
shaft straighteners and smoothers, lightening or “glow stones”, used among Rio Grande 
pueblo inhabitants possibly in rain-producing ceremonies, paint grinders and mortars, 
gaming stones and gypsum and medicine sticks, which were probably used in ceremonies 
(Lambert, 1954).
Bones known from Paa-ko include those from pronghorns (Antilocapra 
americand), bison {Bison bison), elk {Cervus canadensis), mule deer {Eucervus 
hemionus), mountain sheep {Ovis canadensis), bears {Ursus horribilis), domestic dogs 
{Canis familiaris), badgers {Taxidea taxus), prairie dogs (Cynomys ludovicianus
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arizonensis), turkeys {Meleagris gallopavo) and great-homed owls {Bubo virginiams) 
(Lambert, 1954). Such bones were used to make handles, cradleboard ornaments, beads, 
musical instruments (e.g. whistles), scrapers, daggers, pins and needles, awls and game 
pieces (Lambert, 1954).
Paa-koan cultural material is indicative of a population that incorporated a wide 
variety of foods in their diet. Culinary and utility ceramic vessels, as well as metates and 
manos, are hallmarks of agriculturalists. “The Paa-koans were essentially farmers, 
dependent in a large part on the crops raised on the flats bordering San Pedro Arroyo,” 
(Lambert, 1954, p. 4). Paleobotanical analyses have also confirmed that Paa-koans were 
reliant, to some degree, on vegetal material. Charred maize and cobs, beans, pinon nuts, 
seeds from the banana yucca {Yucca baccata) have been found in association with 
prehistoric levels, while historic period excavation has yielded, in addition, peach seeds 
and acorns (Lambert, 1954).
Cultural artifacts such as awls, daggers, scrapers, knives, projectile points and 
arrow-shaft straighteners and smoothers, plus the fact that roughly 40% of materials 
recovered from various Paa-koan sites consist of animal bones (Lambert, 1954) suggests 
that the Paa-koans were also avid hunters. “That meat was an important part of their diet, 
in both prehistoric and historic times, is suggested by the large quantities of food bones 
found in all parts of the excavation...deer, elk, bear, and other large animals abounded in 
the higher reaches of the Sandia Mountains, with smaller game nearby,” (Lambert, 1954, 
p. 4).
Thus, from the 13* through 15* centuries Paa-koans employed a broad-based 
subsistence economy, which included a strong reliance on hunting, foraging and
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gathering with supplemental agriculture. This trend continued into Historic times, but 
reliance on agricultural foodstuffs was amplified.
Bone Samples and Sample Sizes 
The femur and tibia are chosen for this study because the expression of specific 
flexible traits on them provide a good estimation of general activity level (Ruff, 1994 
Ruff et al, 1992; Ruff et al, 1993; Tardieu, 1999; Stock et al, 2001). Immature and 
adult male and female non-pathological specimens will be analyzed. Age and sex 
assessments will be determined in accordance with traditional techniques outlined in 
Buikstra and Ubelaker (1994). For immature individuals, dental development will be 
given preference over epiphyseal union and degree of ossification when determining age 
range estimates. The immature age cohort follows Bogin (1999) and is classified as 3 
years to less than 18 years. The adult age cohort is classified as 20-35 years (Buikstra and 
Ubelaker, 1994).
Measuring Instruments 
Measuring instruments include sliding digital calipers, an osteometric board and a 
measuring tape.
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Methodology
Although the trend in recent years has been to calculate indices from three- 
dimensional models of cross-sections, traditional approaches to measuring external bone 
dimensions are not obsolete. External metrical measurements are only a partial reflection 
of the cross-sectional geometry of a bone, but since external dimensions heavily 
influence some cross-sectional properties, they can be used as estimates for 
biomechanical assessments (Ruff, 1987). Thus, “ratios of external breadths measured in 
perpendicular planes are correlated with ratios of corresponding second moments of area 
[and] the same general patterns of variation in cross-sectional shape should be expected 
for these indices,” (Ruff, 1987, p. 400).
Bilateral measurements of the femur and tibia from each individual are taken 
based on standards outlined in Buikstra and Ubelaker (1994), but for consistency right­
sided bones are used in the analyses. Left-sided bones are only used when the right is 
absent or poorly preserved. Formulae for platymeric and platycnémie indices, estimation 
of stature, estimation of weight and robusticity are derived from Bass (1995), Genoves 
(1967), Ruff et al (1993b) and Pearson (2000), respectively (see Appendices I-III).
Femur
Bicondylar length, maximum length, epicondylar breadth, maximum head 
diameter, midshaft circumference, anterior-posterior and medial-lateral diameters at the 
midshaft, subtrochanteric anterior-posterior and medial-lateral diameters will be 
measured (Figure 2). From these measurements, a degree of robusticity as well as 
platymeric and pilasteric indices will be attained. In addition, Dmax/Dmin and Dap/Dmi ratios
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will be calculated from the subtrochanteric area and midshaft, respectively. Such ratios 
quantify differences in shape, which “are more likely to reflect differences in specific 
mechanical loadings and behavioral patterns,” (Ruff, 1987, p. 393).
Platymeria is the subtrochanteric “flattening” of the anterior-posterior plane, 
relative to that of the medial-lateral plane. It is a flexible phenotype that has been found 
in high frequency among individuals who habitually participate in “squatting posture” 
activities (Igcan and Kennedy, 1989), or who walk long distances (Ruff, 2000a). Others 
have suggested that it may be the result of osteo-pathology or unusual strain on the femur 
during childhood (Brothwell, 1981). Although the exact cause of platymeria is unknown, 
it has been demonstrated that a simple way to strengthen a bone is by increasing the 
amount of bone mass in the plane in which forces generate strain (Lieberman, 1997). This 
increase in the amount and distribution of bone mass in the medial-lateral plane might be 
responsible for, or at least contribute to, platymeria. However, since pelvic configurations 
greatly influence the subtrochanteric area (Trinkaus et al, 1999b), it is expected that 
platymeric flexibility will not alter with changes in the midshaft femur, and that the 
degree of platymeria will be distinct between the sexes.
Since the platymeric index is taken at the maximum and minimum breadths close 
to the true anterior-posterior and medial-lateral planes, it can be converted into a ratio 
analogous to Imax/Imin. This ratio is used to measure the relative maximum bending 
strength of a bone at a section (Lovejoy et al, 1976; Currey, 1984; Ruff, 1987). The ratio 
from the platymeric index is denoted as Dmax/Dmin for external measurements. The 
maximum diameter in the subtrochanteric area will be across the medial-lateral plane, 
while the minimum diameter will be across the anterior-posterior plane.
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Figure 2. Measurements of the femur: a) bicondylar length, b) maximum length, c) 
epicondylar breadth, d) maximum head diameter, e) anterior-posterior (sagittal) 
subtrochanteric diameter, f) medial-lateral (transverse) subtrochanteric diameter, g) 
anterior-posterior midshaft diameter, h) midshaft circumference, i) medial-lateral 
midshaft diameter (after Buikstra and Ubelaker 1994).
The platymeric index only describes the degree of flattening in the 
subtrochanteric anterior-posterior plane in comparison to the medial-lateral plane by 
quantifying the distribution of bone in one plane over the other. The Dmax/Dmin ratio 
describes differences in mechanical stress along either plane in the subtrochanteric area. 
Platymeric results should collaborate with the Dmax/Dmin external breadth ratio. Thus if 
the Dmax/Dmin ratio is much greater than 1.0 ( »  1.0), which indicates a much greater 
medial-lateral diameter than anterior-posterior diameter, then the platymeric index should 
be on the lower end of the platymeric range, which indicates a very flat anterior-posterior 
plane.
The human bodyplan, in which a broad torso and pelvis must be supported in the 
upright position, necessitates the need for the proximal femur, which supports the torso
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and pelvis, to be able to withstand strain in the medial-lateral plane more so than in the 
anterior-posterior plane. Thus, adult femora, unless pathological, typically present with a 
greater medial-lateral diameter than anterior-posterior diameter in the subtrochanteric 
area. Thus, the Dmax/Dmin ratio, in which the maximum diameter is taken medial-laterally 
and the minimum diameter is taken in the anterior-posterior plane, is always greater than 
1.0 .
The pilasteric index, which is derived from measurements in the anterior-posterior 
and medial-lateral planes of the midshaft, is analogous to the midshaft IJly ratio (Ruff, 
1987). This ratio represents the second moments of area in the medial-lateral plane (x 
axis) and anterior-posterior plane (y axis) and measures the bending strengths in the 
former plane relative to the latter plane (Ruff, 1987; 1994). Since the pilasteric index is 
likely to be taken close to the true anterior-posterior and medial-lateral planes, the ratio 
from the pilasteric index is denoted as Dap/Dmi for external measurements (Ruff, 1987).
The pilasteric index (Dap/Dmi) quantifies the difference in the distribution of bone 
in the anterior-posterior plane versus the medial-lateral plane at the measured section in 
the femoral midshaft. The linea aspera is used as a landmark for measuring the anterior- 
posterior plane, and the medial-lateral plane is measured perpendicularly to it. The 
pilasteric index (Dap/Dmi ratio) is probably the best indicator of mechanical stresses on the 
lower limbs because it measures bending strength in the midshaft femur, which is 
influenced by bending around the knee joint (Ruff, 1994; 1987).
Ratios greater than 1.0 indicate greater bending strength in the anterior-posterior 
plane (i.e. more distribution of bone in this plane), while ratios less than 1.0 indicate 
greater bending strength in the medial-lateral plane (i.e. more distribution of bone in this
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plane). Ratios equal to 1.0 indicate practical circularity, or an even amount of bone 
distribution in the anterior-posterior and medial-lateral planes.
Skeletal robusticity is an expression of the relative size of a bone- relative 
because body size has to be taken into account (Collier, 1989; Ruff et ah, 1993a; 1993b; 
Pearson, 2000). Body size for each individual will be estimated based on techniques 
outlined by Ruff (2000b) and Ruff et al. (1993b). Although a simple mathematical 
equation using bone length is used to quantify robusticity, other factors must be 
considered since they can potentially influence the degree of robusticity (Pearson, 2000). 
The traditional definition of robusticity will be used, “wherein robusticity is the external 
thickness of long bone shafts and joints relative to bone length,” (Pearson, 2000, p. 574).
Tibia
Measurements for the tibia include: maximum length, maximum distal and 
proximal epiphyseal breadths, maximum anterior-posterior and transverse diameters at 
the nutrient foramen and circumference at the nutrient foramen (Figure 3). These 
measurements will be used to calculate robusticity^ and the degree of platycnemia.
Platycnemia was first described by Busk in 1863 as, “a pronounced mediolateral 
flattening of the tibial shaft,” (Lovejoy, 1976, p. 489). A posterior pilaster is present 
between the tibialis posterior and the flexor digitorum longus and the medullary canal 
undergoes sagittal elongation (Lovejoy, 1976). It is frequently found among active 
runners, individuals who walk long-distances, climbers and hunters (I§can and Kennedy, 
1989, Ledger et al, 2000).
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Figure 3. Measurements of the tibia: a) length, b) maximum distal epiphyseal breadth, 
c) maximum proximal epiphyseal breadth, d) maximum diameter at the nutrient foramen, 
e) circumference at the nutrient foramen, f) medial-lateral (transverse) diameter at the 
nutrient foramen (after Buikstra and Ubelaker 1994). See glossary for definitions of 
measurements.
Just as the platymeric index is analogous to the Imax/Imin ratio, the platycnémie 
index corresponds to the same ratio, except it expresses the relative maximum bending 
strength at the level of the tibial nutrient foramen and is designated as Dmax/Dmin (Ruff, 
1987). The maximum diameter is measured in the anterior-posterior plane and the 
minimum diameter is measured across the medial-lateral plane at the level of the nutrient 
foramen. Marked platycnemia is an indication of increased bending strength in the 
anterior-posterior plane (Ledger et al., 2000). There has been no evidence that suggests 
that platymeria and platycnemia are related, and they may not necessarily be found in the 
same individual (Brothwell, 1981).
Body Size Standardization: Stature and Body Mass 
The intrinsic force that the body itself places on the skeleton should not be 
confused with the influence of activity-related forces. Therefore, “in order to distinguish
29
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the effects of specific behavioral use of the limbs on limb bone structure, it is necessary 
to first account or control for the effects of both body size and body shape on diaphyseal 
morphology,” (Ruff, 2000b, p. 270).
Several studies have shown that long bone length, especially of the femur, is most 
strongly correlated with stature (van der Meulen et ah, 1996; Slemenda et al, 1996; Ruff, 
2000a; 2000b). van der Meulen et al. (1996) found the correlation to be r^  = 0.87 in a 
group of Caucasian male and female subjects between 9-26 years old. As stressed by 
Ruff, “in reconstructing living stature from preserved skeletal remains, it is important to 
use modem reference samples that match as closely as possible the body proportions of 
that sample in question,” (2000b, p. 273). Femoral and tibial lengths will be used to 
estimate stature based on equations for South Americans from Genoves (1967).
Furthermore, van der Meulen et al. found “that differences in femoral cross- 
sectional properties were related primarily to differences in body mass and not as 
strongly to age, pubertal stage, or height,” (1996, p. 28). Although equations utilizing bi- 
iliac breadth yield the best estimates for body mass (Holliday, 1998; Ruff, 2000b; Ruff et 
al, 1993a; 1993b; Pearson, 2000), pelves are either absent or not well preserved for 
several individuals in this study.
However, it has been demonstrated that there is a positive correlation between 
body breadth and latitude, which is seen in both fossil and living hominids (Ruff et al, 
1993b; 1993b; Holliday, 1998; Pearson, 2000; Trinkaus, 1997; Trinkaus et al, 1999b). 
Therefore, the best method that can be used to estimate body mass in frie present study 
will be based on an equation derived from a world wide sample of modem humans based 
on stature and latitude (Ruff et al, 1993b) (see Appendix II).
30
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Statistical Methods
Analyses will be population specific in order to ascertain statistically significant 
differences in diaphyseal shape over time. It will be assumed that the specimens represent 
a random sample of the population. Sample means, variance (sP) and standard deviations 
(s) will be calculated for each age cohort (immature and adult) within the three samples 
and between the sexes. T-tests will be used to compare sample means and percent 
differences based on sample means are reported between the sexes.
All measurements are taken three times for accuracy with the average of the three 
recorded as the final measurement. Stature is reported in centimeters, weight in kilograms 
and skeletal measurements in millimeters. When bilateral bones are present, right-sided 
bones are given preference for statistical analyses.
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CHAPTERS
RESULTS 
Point Sal 
Femur Length
Femoral measurements are presented in Table 4. Femoral length, which can be 
correlated to stature, was compared between Stratum I and Stratum III males. Stratum II 
and III females and Stratum III males and females (Figure 4). Femoral length will be 
referred to when analyzing femoral robusticity, as the former is an important factor to 
consider as an influence on the latter.
Femoral Robusticity 
Robusticity values are presented in Table 5 and illustrated in Figure 5. Stratum II 
and III females have significantly different mean robusticity values (t= 2.78, df= 4), but 
Stratum I and III male means are not significantly different (t= -0.27, df= 5). The results 
for the female samples are unexpected for several reasons. Pearson has discussed at 
length the various proximate and ultimate factors, such as activity/lifestyle, culture, 
climate and body proportions (i.e. weight and stature), that can influence lower limb 
robusticity (2000).
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Table 4. Point Sal Adult Femoral Measurements.
Males
(n=4)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
(R/L) (R/L) (RA) (RA) (RA) (RA)
18127 414/415 85/85 25.4/26.5 26.7/26.0 22.8/23.4 31.9/32.2
18129 433/- 92/- 28.7/- 29.2/- 24.4/- 34.4/-
18130 410/409 86/90 29.8/32.6 23.4/22.6 23.5/23.4 28.6/28.4
18275 447/- 90/- 32.4/- 23.1/- 26.5/- 31.7/-
STRATUM I (390 CE-550 CE)
Females
(n=3)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
(RA) (RA) (RA) (RA) (RA) (RA)
17867 -/400 -/89 -129 A -/25.0 -/24.0 -132 A
17869 380/378 78/77 25.2/24.9 22.1/22.1 19.0/18.9 28.4/27.8
17870 417/417 85/85 29.2/29.1 24.6/25.0 23.5/24.6 31.3/31.6
STRATUM III (540-660 CE)
Females 
(n= 4)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
(RA) (RA) (RA) (RA) (RA) (RA)
17749 403/403 80/80 26.3/25.3 22.6/22.3 21.3/22.0 29.8/29.0
17810 -/- 75/75 21.8/22.4 23.8/23.7 -/19.7 -121.9
17857 452/455 88/88 27.7/29.0 25.8/24.4 23.1/23.3 32.9/31.6
17859 -/447 -/89 -/29.5 -/24.0 -/21.3 -# 3 a
Males
(n=3)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
(RA) (RA) (RA) (RA) (RA) (RA)
17808 436/436 100/100 34.5/33.3 25.5/25.1 24.7/24.3 34.7/32.5
17809 427/426 89/90 29.9/31.0 22.6/22.6 24.2/23.6 30.2/30.1
17812 415/412 87/87 28.3/28.2 24.7/25.6 24.3/24.9 31.1/31.6
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Figure 4. Point Sal femoral length.
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Photo 1. Point Sal Stratum I adult male #18275. Right femur (anterior).
35
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Photo 2. Point Sal Stratum III adult male #17808. Anterior view of femora.
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Clearly climate and culture are the same between Stratum II and III females. In addition, 
femoral length, which can be correlated to stature was not significantly different between 
the two sample means, and mean estimated body mass is also similar between Stratum II 
and III females (55.7 kg and 57.8 kg, respectively). Thus, the results suggest that mean 
femoral robusticity is significantly different between Stratum II and III females due to 
differences in activity/lifestyle. Analyses on mechanical bending strength (i.e. pilasteric 
ratios) will confirm or challenge this suggestion (see below).
The results for the male samples indicate that there was neither an upward 
nor downward trend in femoral robusticity among males during the time span between 70 
CE and 660 CE since Stratum I and III males have similarly robust femora.
Mean robusticity values between Stratum III males and females are not 
significantly different (t= -2.34, df= 4). Since mean femoral length was not significantly 
different and mean estimated body masses are similar (57.8 kg for females and 60.4 kg 
for males), it is postulated that similar activity/lifestyle factors existed between the sexes. 
Two possible scenarios relating to activity/lifestyle can explain the similarity in femoral 
robusticity between the Stratum III sexes: 1) males and females were habitually 
participating in similar activities, or, 2) males and females were participating in different 
activity repertoires, but with similar mechanical effects. Further analyses on pilasteric 
indices and an evaluation of associated grave goods may clarify this conundrum.
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Table 5. Point Sal Adult Femoral Robusticity.
STRATUM I (70-250 CE)
Males
(n=4)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RÆ) (RA,) (RA,) (RA,)
18127 25.4/26.5 26.7/26.0 410/406 12.7/12.9
18129 28.7/- 29.2/- 429/- 13.5/-
18130 29.8/32.6 23.4/22.6 406/406 13.1/13.6
18275 32.4/- 23.1/- 440/- 12.6/-
STRATUM II (390-550 CE)
Females
(n=3)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RÆ.) (RA,) (RA,) (RA,)
17867 -/29.1 -/25.0 -/386 -/14.0
17869 25.2/24.9 22.1/22.1 373/374 12.7/12.6
17870 29.2/29.1 24.6/25.0 414/414 13.0/13.1
STRATUM III (540-660 CE)
Females
(n=4)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RÆ.) (RA,) (R/L) (RA,)
17749 26.3/25.3 22.6/22.3 399/399 12.3/11.9
17810 21.8/22.4 23.8/23.7 -/- -/-
17857 27.7/29.0 25.8/24.4 452/452 11.8/11.8
17859 -/29.5 -/24.0 -/443 -/12.1
Males 
(n= 3)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RA,) (RA,) (RA,) (RA,)
17808 34.5/33.3 25.5/25.1 433/431 13.9/13.5
17809 29.9/31.0 22.6/22.6 421/422 12.5/12.7
17812 28.3/28.2 24.7/25.6 411/410 12.9/13.1
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Figure 5. Stratum III females have the least robust femora despite having a greater 
average femoral length (434 mm) than Stratum I males (426 mm), Stratum 11 females 
(399 mm) and Stratum 111 males (426 mm). It should also be noted that while Stratum 11 
females have the shortest femoral length, their average robusticity exceeds that of both 
male samples. Based on these results, it appears that the degree of robusticity among 
these Point Sal samples is not strictly a function of femoral length. The degree of muscle 
development, or specifically muscle usage, surrounding the femur may very well 
contribute to the patterns of robusticity among the four samples.
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Photo 3. Point Sal Stratum III adult female #17857. Lateral view of right femur. 
Robusticity value is 11.8.
Platymeria and the Subtrochanteric Dmax/Dmin Ratio 
Dmax/Dmin ratios for each Point Sal sub-sample are presented in Table 6. Strata 1 
and 111 males do not differ significantly in subtrochanteric bending strength (1.31 ± 0.11 
and 1.31 ± 0.08, respectively). These two strata represent the earliest (70 CE- 250 CE) 
and latest (540 CE-660 CE) time periods examined, so the results suggest that there was 
neither an upward nor downward trend in mechanical loadings in the subtrochanteric area 
of Point Sal males between 70 CE and 660 CE.
The average Dmax/Dmin ratios of Strata 11 and 111 females are not significantly 
different (t= 1.03, df= 5). Both female sub-samples show greater Dmax/Dmin ratios than 
either male sub-sample. This sex difference was also found within Ohio River Valley, 
Tennessee River Valley and Pecos Pueblo population samples (Ruff, 1987). The greater 
ratios among females as compared to males indicate that females have a “flatter”
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Table 6. Point Sal Adult Subtrochanteric Dmax/D,a '
STRATUM I (70-250 CE)
Males 
(n= 4)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Dmax/Dmin
Ratio
(IVL) (RA) (RA)
18127 22.8/23.4 31.9/32.2 1.40/1.38
18129 24.4/- 34.4/- 1.41/-
18130 23.5/23.4 28.6/28.4 1.22/1.21
18275 26.5/- 31.7/- 1.20/-
STRATUM II (390-550 CE)
Females Subtrochanteric Subtrochanteric Dmax/Dmin
(n= 3) A-P diameter M-L diameter Ratio
(RA) (RA) (RA)
17867 -/24.0 -/32.1 -/1.34
17869 19.0/18.9 28.4/27.8 1.49/1.47
17870 23.5/24.6 31.3/31.6 1.33/1.28
STRATUM 111 (540-660 CE)
Females Subtrochanteric Subtrochanteric Dmax/Dmin
(n=4) A-P diameter M-L diameter Ratio
(RA) (RA) (RA)
17749 21.3/22.0 29.8/29.0 1.40/1.32
17810 -/19.7 -/27.9 -/1.42
17857 23.1/23.3 32.9/31.6 1.42/1.36
17859 -/21.3 -/33.8 -/1.59
Males Subtrochanteric Subtrochanteric Dmax/Dmin
(n= 3) A-P diameter M-L diameter Ratio
(RA) (RA) (RA)
17808 24.7/24.3 34.7/32.5 1.40/1.34
17809 24.2/23.6 30.2/30.1 1.25/1.28
17812 24.3/24.9 31.1/31.6 1.28/1.27
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anterior-posterior diameter and a broader medial-lateral diameter than males in the 
subtrochanteric area.
These results are in accordance with Trinkaus et al. ‘s (1999b) proposal that 
proximal femoral shape is highly influenced by pelvic dimensions, and that females, on 
average, tend to have a greater degree of subtrochanteric medial-lateral bending strength 
than males due to wider pelvic breadths.
Mean Dmax/Dmin ratios between Stratum 111 males and females are not 
significantly different (t= 2.31, df= 5). These results are unexpected given the fact that 
previous studies have shown that there are sex-specific differences in this area of the 
femur with females typically presenting with greater medial-lateral breadths and “flatter” 
anterior-posterior diameters than males (Ruff, 1987; Ruff, 1994; Ruff et al, 1993; 
Trinkaus et al, 1999). Although inconclusive, it appears that the insignificant difference 
in mean Dmax/Dmin ratio between the Stratum 111 sexes may be a result of small sample 
size, especially since the percent difference between the means is high (10.3%).
Platymeric values are presented in Table 7. Stratum 1 and 111 males have a 
platymerie index of 77.1 ± 6.8 and 76.5 ± 4.7, respectively, while Stratum 11 and 111 
females have an index of 72.8 ± 4.7 and 68.8 ± 3.9, respectively. All four sub-samples 
have averages that fall within the range of platymeria as defined by Bass (1995).
As expected from the results of the Dmax/Dmin analyses, the two female sub-samples have 
the lowest indices, which indicate that they have greater flattening in the anterior- 
posterior plane than males. Thus, the degree of platymeria, quantified by the Dmax/Dmin 
ratio, may be viewed as a plastic phenotype that is sex-specific, rather than a flexible
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trait. If it were a flexible trait, then significant differences would be apparent within each 
sex. However, this proposal should be tested on larger sample sizes.
Point Sal Dmax/Dmin Ratio
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Figure 6. There is not a statistically significant difference in the Dmax/Dmin ratio between 
Stratum II and III females. Stratum I and III males, or between the sexes in Stratum III.
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Table 7. Point Sal Adult Platymeric Indices.
STRATUM I (70-250 CE)
Males 
(n= 4)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Piatymeric
Index
(RÆ) OVL) (RÆ,)
18127 22.8/23.4 31.9/32.2 71.5/72.7
18129 24.4/- 34.4/- 70.9/-
18130 23.5/23.4 28.6/28.4 82.2/82.4
18275 26.5/- 31.7/- 83.6/-
STRATUM II (390-550 CE)
Females
(n=3)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
(RA) (RÆ,) (RA)
17867 -/24.0 -/32.1 -/74.8
17869 19.0/18.9 28.4/27.8 66.9/68.0
17870 23.5/24.6 31.3/31.6 75.1/77.8
STRATUM [II (540-660 CE)
Females Subtrochanteric Subtrochanteric Platymeric
(n=4) A-P diameter M-L diameter Index
(R/L) (RA) (RA)
17749 21.3/22.0 29.8/29.0 71.5/75.9
17810 -/19.7 -/27.9 -/70.6
17857 23.1/23.3 32.9/31.6 70.2/73.7
17859 -/21.3 -/33.8 -/63.0
Males Subtrochanteric Subtrochanteric Platymeric
(n= 3) A-P diameter M-L diameter Index
(RT.) (RA) (RA)
17808 24.7/24.3 34.7/32.5 71.2/74.8
17809 24.2/23.6 30.2/30.1 80.1/78.4
17812 24.3/24.9 31.1/31.6 78.1/78.8
Pilasteric Index
Pilasteric indices are presented in Table 8. Stratum I and III maies do not show 
significant differences in Dgp/Dmi (t= -0.97, df= 5), although the latter sub-sample has 
slightly greater bending strength in the anterior-posterior plane than the former sub­
sample (Figure 7). These results suggest that Point Sal least males between 70 CE
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(Stratum I) and 660 CE (Stratum III) were highly mobile. Flexor and extensor muscles 
around the knee joint are activated during activities such as running, climbing and 
walking over uneven terrain (Ruff, 1994; Ruff, 2000a; Stock et al, 2001; Trinkaus et al, 
1999b). “The large muscles or muscle tendons crossing the knee joint—quadriceps, 
hamstrings and gastrocnemius—are capable of generating large A-P [anterior-posterior] 
bending loads and very little M-L [medial-lateral] bending of the femur and tibia,” (Ruff, 
1987, p. 406). The skeletal evidence indicates that Point Sal males participated in 
activities typically associated with a hunting, foraging and gathering lifestyle, which 
supports the archaeological data from the site. The average Dap/Dmi ratio of Stratum I and 
Stratum III males is comparable to averages from other population samples of hunting- 
foraging-and-gathering malesl
Although the average Dap/Dmi ratio is lower in the Stratum III female sub-sample 
than in their Stratum II counterparts (1.10 ± 0.13 and 1.16 ± 0.03, respectively) the 
difference is not statistically significant different (t= 1.00, df= 5). The results suggest that 
between 390 CE to 660 CE, Point Sal females did not significantly alter the amount of 
mechanical loadings in the lower limbs or around the knee joint. This is to be expected 
since subsistence economies did not drastically change between these time periods.
Stratum III females have comparable Dgp/Dmi ratios to other hunting-foraging-and- 
gathering population samples'*, but Stratum II females have an average more similar to 
male samples from other populations (see End Note #3).
Stratum III male and female pilasteric means are not significantly different (t= - 
1.95, df= 5), but the percent difference between the sexes is high (15.5%), which suggests 
that the sexes do differ significantly in the mean pilasteric ratio, but the sample sizes are
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probably too small to detect real differences. The insignificant difference in the mean 
pilasteric ratio between the Stratum III sexes suggests that males and females were either 
participating in similar activities, or participating in different activities with similar 
mechanical strains, which thus yielded similar pilasteric ratios. These scenarios were also 
suggested from the results of femoral robusticity. An alternative means to determine the 
more likely scenario is by looking at associated grave goods, which may elucidate 
specific gender roles.
Thorough artifact sequencing has been conducted at the Point Sal site, and the 
distribution of artifacts among the three strata has revealed notable differences (Carter, 
1941). Bifaced manos, fiat grinding surfaces, side-notched projectile points, crude knife 
blades and a single chopper were found in the oldest strata (70-250 CE) (Carter, 1941). 
Mortars, metates, manos, side-notched and stemmed type projectile points were found in 
association with Stratum II (Carter, 1941). Although manos and metates were absent in 
Stratum III, mortars were abundant (Carter, 1941). In addition, the projectile points that 
were so common in the earlier two strata are rarely found in Stratum III, but various types 
of blades were commonly recovered (Carter, 1941).
Common Chumash funerary objects from Point Sal consist of Olivella beads, 
which were made from the shell of an estuarine gastropod shellfish species (the purple 
olive), abalone ornaments and limpet (Acmaea sp.) beads (Erlandson, 1994; Carter,
1941). These objects were not utilitarian in nature, and because they are found in wide 
distribution across California and as far as the Great Basin, archaeologists believe that 
they served as status symbols (Erlandson, 1994).
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Table 8. Point Sal Adult Pilasteric Indices.
STRATUM I (70-250 CE)
Males
(n=4)
A-P at Midshaft M-L at Midshaft Pilasteric Index
Dai/Dm l
(RA) (RA) (RA)
18127 25.4/26.5 26.7/26.0 0.95/1.02
18129 28.7/- 29.2/- 0.98/-
18130 29.8/32.6 23.4/22.6 1.27/1.44
18275 32.4/- 23.1/- 1.40/-
STRATUM II (390-550 CE)
Females 
(n= 3)
A-P at Midshaft M-L at Midshaft Pilasteric Index 
D a i /D m l
(RA) (RA) (RA)
17867 -/29.1 -/25.0 -/1 .16
17869 25.2/24.9 22.1/22.1 1.14/1.13
17870 29.2/29.1 24.6/25.0 1.19/1.16
STRATUM I][I (540-660 CE)
Females
(n=4)
A-P at Midshaft M-L at Midshaft Pilasteric Index
D a i /D in i
(RA) (RA) (RA)
17749 26.3/25.3 22.6/22.3 1.16/1.13
17810 21.8/22.4 23.8/23.7 0.92/0.95
17857 27.7/29.0 25.8/24.4 1.07/1.19
17859 -/29.5 -/24.0 -/1.23
Males
(n=3)
A-P at Midshaft M-L at Midshaft Pilasteric Index
D a o /D m i
(RA) (RA) (RA)
17808 34.5/33.3 25.5/25.1 1.35/1.33
17809 29.9/31.0 22.6/22.6 1.32/1.37
17812 28.3/28.2 24.7/25.6 1.15/1.10
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Point Sal Pilasteric Ratio
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Figure 7. Males from Stratum I and III and females from Stratum II and III do not show 
statistically significant differences in the pilasteric index at the 0.05 alpha level. On 
average, all samples show greater bending strength in the anterior-posterior (A-P) plane, 
which is indicated by a ratio greater than 1.0. The Stratum III sexes do not differ 
significantly in the degree of the pilaster.
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Photo 4. Point Sal Stratum III adult male #17808. Lateral view of the distal right femur 
depicting prominent pilaster (pilasteric index= 1.35).
Funerary objects accompanying Stratum III female burials are as follows:
#17749- a knife, a mortar, a pestle and Olivella beads; #17810- a knife and Olivella 
beads; #17857- a mortar and Olivella beads; and #17859- nothing (Carter, 1941). Stratum 
III male associated funerary objects include: #17808- Olivella beads, an eagle burial and 
steatite bowls; #17809- Olivella beads, abalone ornaments, limpet beads, red paint 
(ochre?), baskets and steatite bowls; and #17812- a mortar Olivella beads and abalone 
ornaments (Carter, 1941). Steatite is found in Point Sal only in Stratum III (540 CE-660 
CE) and its occurrence is rare. Since the raw material is found hundreds of miles away on 
Santa Catalina Island, it is thought to be an object of great value reserved for high status 
individuals (Carter, 1941).
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Based on associated grave goods, it appears that the three Stratum III males had 
attained higher social status than any of the four Stratum III females because more rare 
and exotic goods (i.e. abalone ornaments and steatite bowls) are associated with male 
burials. In addition, one of the male burials is accompanied by an eagle burial, which has 
been interpreted as ceremonial/sacrificial (Carter, 1941). It is assumed that rare and 
exotic goods are reserved only for high-ranking individuals without regard to sex.
Two out of four females were buried with knives, while knives were absent in the 
three male burials^ In addition, mortars were buried with two out of four female burials 
(#17749 was buried with a knife, mortar and pestle), and one out of three male burials. 
One of the male burials contained baskets, but none were found with the four female 
burials. Therefore, these presumably utilitarian items are not strictly associated with one 
sex over another.
The apparent difference in social ranking between the four female and three male 
Stratum III samples presents with another problem. Based on the mechanical assessments 
of the midshaft femur (Dap/Dmi), these high-ranking males participated in activities that 
strained the muscles around the knee. Such activities can include, but are not limited to, 
running, walking far distances and/or over rugged terrain and climbing. These muscles 
generate large anterior-posterior bending loads on the femoral midshaft, which results in 
Dap/Dmi ratios much greater than 1.0. Together the skeletal and archaeological data 
suggest that perhaps these males attained high social status due to their hunting skills. 
Although grave goods such as arrow points, blades and tools would further support this 
idea, such items are rarely found in Stratum III burials (Carter, 1941).
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The distribution of grave goods suggests two things: 1) males tend to be buried 
with non-utilitarian objects (however, the males in this sample may very well represent 
high ranking individuals), and, 2) females tend to be buried with utilitarian objects (e.g. 
knives, mortars) in addition to non-utilitarian goods. Sample sizes are very small and 
interpretations should not be projected onto the Point Sal culture as a whole, but since 
utilitarian objects are not strictly associated with one sex over another it appears that 
males and females may have participated in similar activities. Thus, the insignificant 
difference in mean femoral robusticity and mean pilasteric ratio between the sexes may 
actually reflect a low degree of sexual division of labor, or at least little variation in 
mechanical loading of the lower limbs between the Stratum III sexes.
Tibia
Length
Point Sal tibial measurements are presented in Table 9. Mean tibial lengths are not 
significantly different between Stratum II and III females (t= 0.53, df= 5), Stratum II and 
III males (t= -0.27, df= 3), Stratum II sexes (t= 0.34, df= 3), or Stratum III sexes (t=
-0.31, df= 5).
Robusticity
Robusticity values are presented in Table 10. Comparisons of robusticity are 
made only for Stratum II and Stratum III because both sexes are represented from each 
stratum.
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Photo 5. Point Sal Stratum II adult female #17869. Anterior view of tibiae.
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Table 9. Point Sal Adult Tibial Mea:
STRATU
surements.
VII (70-250 CE)
Males 
(n= 3)
Max.
Length
Max. Distal 
Epiphyseal Bd.
Max. Proximal 
Epiphyseal Bd.
A-P
diameter
atNF
M-L
diameter
atNF
(RA) (RA) (RA) (RA) (RA)
18129 375/- 57/- 80/- 37.2/- 20.5/-
18130 356/350 50/46 71/72 33.7/33.4 22.2/22.3
18275 406/- 52/- lu ­ 40.6/- 26.8/-
STRATUM ll (390-550 CE)
Females
(n=3)
Max.
Length
Max. Distal 
Epiphyseal Bd.
Max. Proximal 
Epiphyseal Bd.
A-P 
diameter 
at NF
M-L
diameter
atNF
(RA) (RA) (RA) (RA) (RA)
17867 424/430 -/48 71/71 32.8/33.3 20.2/20.1
17869 318/318 45/45 67/65 28.8/31.2 18.5/18.7
17870 -/354 -/51 -/77 -133.1 -/23.2
Males
(n=2)
Max.
Length
Max. Distal 
Epiphyseal Bd.
Max. Proximal 
Epiphyseal Bd.
A-P
diameter
atNF
M-L
diameter
atNF
(RA) (RA) (RA) (RA) (RA)
17865 341/353 50/50 80/80 34.7/34.4 24.7/21.0
18126 -/360 -/49 -/76 -/39.0 -/23.8
STRATUM III (540-660 CE)
Females
(n=4)
Max.
Length
Max. Distal 
Epiphyseal 
Bd.
Max. Proximal 
Epiphyseal Bd.
A-P 
diameter 
at NF
M-L
diameter
atNF
(RA) (RA) (RA) (RA) (RA)
17749 340/339 43/43 63/60 31.5/31.4 21.1/20.4
17810 -/290* -/- -/63 -/27.8 -/17.6
17857 388/391 52/52 75/75 37.6/37.6 19.8/20.6
17859 -/367 -/49 -/74 -/34.8 -/23.4
Males
(n=3)
Max.
Length
Max. Distal 
Epiphyseal Bd.
Max. Proximal 
Epiphyseal Bd.
A-P 
diameter 
at NF
M-L
diameter
atNF
(RA) (RA) (RA) (RA) (RA)
17808 367/367 50/54 82/80 37.3/42.0 20.3/20.0
17809 347/357 -/49 72/72 36.9/38.6 19.5/21.1
17812 348/350 51/47 -/- 35.4/37.3 19.1/19.0
* Without the medial malleolus.
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Stratum II sexes do net differ significantly in mean tibial robusticity (t= -2.12, 
df=3) (Figure 8). It should also be noted that the mean tibial length between males and 
females is not significantly different (t= 0.34, df= 3), nor is mean estimated body mass 
(t= -2.46, df= 3). However, the percent difference between the sample means is high 
(20.0 %), which suggests that sample size error may be contributing to the results. Thus, 
the results for Stratum II tibial robusticity should be interpreted with caution.
Stratum III males and females do not differ significantly in mean tibial robusticity 
(t= -1.22, df= 5). The percent difference between the means is also low (2.58%), which 
further suggests that tibial robustieity between the Stratum III sexes is not a sexually 
dimorphic trait. Mean tibial length and mean estimated body mass are not significantly 
different between the sexes (t= -0.31, df= 5, and t= -0.77, df= 5, respectively).
Stratum II and Stratum III females were compared to deteet if significant changes 
in tibial robusticity occurred over time among females. There is no significant difference 
in female tibial robusticity between 390 CE (Stratum II) to 660 CE (Stratum III) (t= -1.08, 
df= 5). Stratum II and III males differ significantly in mean tibial robusticity (t= 5.81, df= 
3). Mean tibial length is not significantly different between the two male samples (t= - 
0.27, df= 3), and mean estimated body mass is equal (60.4 kg, s^  = 1.62, and 60.4 kg, s^= 
1.33, respectively). Although based on a small sample size, the results indicate that male 
tibial robustieity significantly declined between 390-550 CE and 540-660 CE. In contrast, 
tibial robusticity increased among females between these same time periods, though the 
change was not significant.
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Table 10. Point Sal Adult Tibial Robusticity.
Males 
(n= 3)
Maximum
Length
A-P diameter 
atNF
M-L diameter 
at NF
Robusticity
(RA) (RA) (RA) (RA)
18129 375/- 37.2/- 20.5/- 15.4/-
18130 356/350 33.7/33.4 22.2/22.3 15.7/15.9
18275 406/- 40.6/- 26.8/- 16.6/-
STRATUM II (390-550 CE)
Females
(n=3)
Maximum
Length
A-P diameter 
at NF
M-L diameter 
atNF
Robusticity
(RA) (RA) (RA) (RA)
17867 424/430 32.8/33.3 20.2/20.1 12.5/12.4
17869 318/318 28.8/31.2 18.5/18.7 14.9/15.7
17870 -/354 -/33.7 -1232 -/16.1
Males
(n=2)
Maximum
Length
A-P diameter 
atNF
M-L diameter 
atNF
Robusticity
(RA) (RA) (RA) (RA)
17865 341/353 34.7/34.4 24.7/21.0 17.4/15.7
18126 -/360 -139.0 -/23.8 -/17.4
STRATUM III (540-660 CE)
Females
(n=4)
Maximum
Length
A-P diameter 
at NF
M-L diameter 
atNF
Robusticity
(RA) (RA) (RA) (RA)
17749 340/339 31.5/31.4 21.1/20.4 15.5/15.3
17810 -/290* -/27.8 -/17.6 -/15.7
17857 388/391 37.6/37.6 19.8/20.6 14.8/14.9
17859 -/367 -/34.8 -123.4 -/15.9
Males
(n=3)
Maximum
Length
A-P diameter 
at NF
M-L diameter 
at NF
Robusticity
(RA) (RA) (RA) (RA)
17808 367/367 37.3/42.0 20.3/20.0 15.7/16.9
17809 347/357 36.9/38.6 19.5/21.1 16.3/16.7
17812 348/350 35.4/37.3 19.1/19.0 15.7/16.1
* Without the medial malleolus.
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Figure 8. Stratum II males have more robust tibiae than tbeir female eounterparts, but 
the difference is not statistically significant at the 0.05 alpha level. The percent difference 
between the sexes is high (20.0%), but this may be due to the small sample size. Stratum 
111 males have slightly more robust tibiae than their female counterparts, but the means 
are not statistically significant at the 0.05 alpha level. The percent difference between the 
sexes is lower (2.58%).
The additive effect of these slight changes (i.e. a decrease in Stratum 111 males 
and an increase in Stratum 111 females) could result in an insignificant difference in mean 
tibial robusticity and a much lower percent difference between the sexes in Stratum 111 
than in Stratum 11.
56
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Although not graphically represented. Stratum I males have a mean tibial 
robusticity equivalent to Stratum 111 males (15.9), but significantly different than the 
mean for Stratum 11 males (t= -3.22, df= 3). Thus it appears that tibial robusticity is a 
highly flexible trait among Point Sal males over the 600 year time span studied.
Platycnemia and the Dmax/Dmin Ratio 
Platyenemic indices and Dmax/Dmin ratios are presented in Table 11. The external 
diaphyseal shape of the tibia at the level of the nutrient foramen, which is the level of 
measurement for platycnemia, is not known to positively correlate with other skeletal 
features, such as the relationship between pelvic breadth and the proximal femur. The 
trend among recent, urban populations has been towards eurycnemia, or a triangular tibial 
diaphysis (Lovejoy et al,. 1976; Ledger et al, 2000; Liberman, 1997), which is “equally 
adapted to all strain-inducing modes,” (Lovejoy et al, 1976, p. 505). Conversely, in 
platyenemic tibiae “anterior-posterior bending strength has increased at the expense of 
medial-lateral bending strength,” (1976, p. 501).
Stratum 11 and 111 female means fall within the range of mesocnemia and 
platycnemia, respectively, as defined by Bass (1995), and are not significantly different 
(t= 0.48, df= 5). Stratum 11 and 111 male means are significantly different (t= 3.22, df= 5). 
Stratum 111 males have a mean within the range of hyperplatycnemia, which is often 
times the result of pathology, but this is not the ease in the present study since 
pathological specimens are excluded. Stratum 1 males have a mean within the range of 
mesocnemia.
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Table 11. Point Sal Platyenemic Indices.
STRATUM I (70-250 CE)
Males 
(n= 3)
A-P diameter 
atNF
M-L diameter 
atNF
Platyenemic
Index
Dmax/Dmin
(R/L) (RA) (RA) (RA)
18129 37:2/- 20.5/- 55.1/- 1.81/-
18130 33.7/33.4 22.2/22.3 65.9/66.8 1.52/1.50
18275 40.6/- 26.8/- 66.0/- 1.51
STRATUM 11 (390-55CICE)
Females
(n=3)
A-P diameter 
atNF
M-L diameter 
atNF
Platyenemic
Index
Dmax/Dmin
(RA) (RA) (RA) (RA)
17867 32.8/33.3 20.2/20.1 61.6/60.4 1.62/1.66
17869 28.8/31.2 18.5/18.7 64.2/59.9 1.56/1.67
17870 -/33.7 -1232 -/68.4 -/1.45
Males
(n=2)
A-P diameter 
at NF
M-L diameter 
at NF
Platyenemic
Index
Dmax/Dmin
(RA) (RA) (RA) (RA)
17865 34.7/34.4 24.7/21.0 71.2/61.0 1.40/1.64
18126 -/39.0 -/23.8 -/61.0 -/1.64
STRATUM III (540-660 CE)
Females
(n=4)
A-P diameter 
atNF
M-L diameter 
at NF
Platyenemic
Index
Dmax/Dmin
(RA) (RA) (RA) (RA)
17749 31.5/31.4 21.1/20.4 67.0/65.0 1.49/1.54
17810 -/27.8 -/17.6 -163.3 -/1.58
17857 37.6/37.6 19.8/20.6 52.7/54.8 1.90/1.83
17859 -/34.8 -123 A -161.2 -/1.49
Males
(n=3)
A-P diameter 
at NF
M-L diameter 
at NF
Platyenemic
Index
Dmax/Dmin
(RA) (RA) (RA) (RA)
17808 37.3/42.0 20.3/20.0 54.4/47.6 1.84/2.10
17809 36.9/38.6 19.5/21.1 52.8/54.7 1.89/1.83
17812 35.4/37.3 19.1/19.0 54.0/50.9 1.85/1.96
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Photo 6. Point Sal Stratum III adult male #17808. Proximal right tibia depicting area of 
measurement for the Dmax/Dmin ratio.
59
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Since Stratum II and III males have significantly different platyenemic values, it 
is suggested that meehanical strains endured by the tibia are eapable of eliciting change in 
a flexible trait in a short period of time.
Stratum 11 and 111 inter-sex comparisons yielded insignifieant differences in mean 
platyenemic values (t= 0.31, df= 3, and t= 2.20, df= 5, respectively). These results 
suggest that Stratum 11 males and females, and Stratum 111 males and females were 
plaeing similar mechanical loadings on their tibiae.
Tibial Dmax/Dmin ratios are presented in Figure 9. All ratios will be greater than 
1.0, for non-pathologieal speeimens, beeause the human tibia has a greater anterior- 
posterior diameter than medial-lateral diameter. Ratios much greater than 1.0 ( » 1 .0) are 
indicative of a much greater distribution of bone in the anterior-posterior plane as 
opposed to the medial-lateral plane. Stratum 11 and Stratum 111 females, and Stratum 11 
and Stratum 111 males were compared in order to assess if the mechanical integrity of the 
proximal tibia ehanged over time within and between the sexes. There is no significant 
difference between the females over time (t= -0.61, df= 5), but there is a signifieant 
difference between males (t= -5.77, df= 3).
Stratum 11 and 111 inter-sex eomparisons yield insignificant differences in mean 
Dmax/Dmin ratios (t= -0.18, df= 5 and t= -2.40, df=5, respectively). Interestingly, the 
percent difference between the sexes is very low within Stratum 11 (-1.30%), but high 
within Stratum 111 (14.2%). The Stratum 111 inter-sex Dmax/Dmin analyses is similar to the 
pilasteric analyses between the Stratum 111 sexes where the means were not significantly 
different (t= -1.95, df= 5), and the percent difference between the sexes was also high 
(15.5%).
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Figure 9. As expected, the Dmax/Dmin ratios match the results from the platyenemic 
indices. The inter-sex comparisons from Stratum II and III are not significantly different. 
Female means are not significantly different, but male means are. The percent difference 
between the Stratum III sexes is high, although this may be due to the hyperplatycnemic 
nature of Stratum III male tibiae.
Since the inter-sex comparisons from Stratum II and III yielded insignificant 
differences, it appears that Point Sal males and females between 390 CE to 660 CE were 
participating in activities that generated similar mechanical loadings on the tibia. The 
significant increase in mechanical stress placed on the anterior-posterior plane of the
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proximal tibia in Stratum III males may account for the high degree of sexual 
dimorphism between the sexes in Stratum III.
Ruff (1987) has found that the Dmax/Dmin ratio of the proximal tibia decreases with 
increasing sedentism. This is because a less mobile lifestyle does not necessitate the need 
for bone to be re-distributed any particular plane for the purpose of mechanical 
reinforcement. This is not to say that sedentary populations have completely circular 
proximal tibial diaphyses, but the difference between the anterior-posterior and medial- 
lateral diameters is less than it is among mobile populations. The results from this study 
are consistent with previous findings.
San Nicolas 
Femur Length
Femoral measurements are presented in Table 12. Mean lengths for Middle 
Canalino males and females, and Late Canalino males and females are reported for the 
purpose of estimating stature and body mass, which are important factors to consider 
when analyzing femoral robusticity. Comparisons of femoral length are presented in 
Figure 10.
Middle and Late Canalino females (395 ±21.4 and 397 ± 8.5, respectively), and 
Middle and Late Canalino males (428 ± 19.8 and 425 ±15.9, respectively) do not show 
significant differences in mean femoral length. However, inter-sex comparisons do reveal 
significant differences for both the Middle and Late Canalino samples. This is to be 
expected since males are generally taller than females.
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Table 12. San Nicolas Femoral Measurements.
MIDDLE CANALINO
Females Max. Midsh. A-P at M-L at Subtroc. A-P Subtroc.M-L
(n=7) Length Circ. Midsh. Midsh. diameter diameter
(R/L) (RÆ) (R/L) (RÆ) (R/L) (RÆ)
17647 410/404 80/79 25.5/25.4 22.9/22.2 21.5/20.9 30.2/30.2
17651 388/398 77/80 24.1/24.8 J 23.2/25.4 21.8/24.5 29.5/28.3
17653 406/408 85/85 27.3/26.9 23.3/24.5 22.7/22.8 32.4/32.7
17657 353/355 77/81 25.5/27.2 20.6/22.0 23.0/23.1 23.4/25.8
17675 391/394 76/78 23.9/24.4 22.5/22.7 23.0/22.3 28.7/28.2
17677 -/419 -/86 -/26.8 -/26.4 -/25.0 -/32.4
17690 395/- 80/- 25.4/- 24.0/- 22.0/- 30.0/-
Males Max. Midsh. A-P at M-L at Subtroc. A-P Subtroc. M-L
(n=10) Length Circ. Midsh. Midsh. diameter diameter
(RÆ) (RÆ) (RÆ) (R/L) (R/L) (R/L)
17648 396/387 83/83 28.6/27.8 23.3/24.3 28.0/25.7 29.1/32.9
17649 432/432 82/84 26.3/26.5 25.4/26.1 23.7/23.0 35.3/35.4
17652 -/434 -/88 -/28.1 -/26.9 -/26.1 -/36.8
17654 433/- 88/- 28.3/- 24.3/- 25.2/- 34.9/-
17673 442/440 89/90 28.7/28.5 26.2/26.7 25.0/25.0 34.3/34.7
17674 442/440 90/90 29.9/30.5 26.1/25.5 27.8/27.7 35.0/32.7
17684 402/- 83/- 26.2/- 25.2/- 21.9/- 33.1/-
17717 -/461 -/90 -/30.2 -Z25.2 -/27.7 -Z35.2
17730 424/- 92/- 30.6/- 24.8/- 26.5/- 35.6/-
17731 412/- 90/- 29.6/- 25.3/- 23.1/- 31.7/-
LATE CANALINO
Femaies Max. Midsh. A-P at M-L at Subtroc. A-P Subtree. M-L
(n=9) Length Circ. Midsh. Midsh. diameter diameter
(R/L) (R/L) (R/L) (RÆ) (RÆ.) (R/L)
17650 400/400 73/75 24.2/25.3 21.1/20.5 22.7/21.6 27.1/28.7
17660 400/402 80/81 26.5/26.9 22.6/22.5 22.8/22.9 30.6/29.2
17679 386/- 85/- 26.7/- 24.6/- 24.9/- 32.1/-
17680 -/407 -/90 -/29.0 -1213 -/25.1 -/36.4
17681 -/404 -/75 -/24.1 -/21.7 -122.1 -/30.3
17688 389/389 80/80 24.4/24.5 23.0/23.7 22.2/21.7 32.2/31.4
17718 404/- 83/- 26.3/- 25.4/- 22.5/- 32.0/-
17719 -/384 -116 -/24.4 -122.1 -/20.5 -121.9
17724 -/400 -115 -Z23.9 -122.1 -/20.4 -/32.4
Males Max. Midsh. A-P at M-L at Subtree. A-P Subtree. M-L
(n=12) Length Circ. Midsh. Midsh. diameter diameter
(R/L) (R/L) (R/L) (RÆ) (R/L) (RÆ)
17655 -/440 -191 -/28.1 -/28.4 -/23.5 -/34.3
17656 411/- 75/- 25.61- 19.0/- 20.2/- 28.3/-
17659 419/- 88/- 28.6/- 24.1/- 23.8/- 35.21-
17672 415/417 90/89 30.2/29.5 25.0/24.7 25.2/25.0 34.3/34.5
17678 -/413 -/84 -126.2 -/25.0 -/21.5 -/31.1
17685 -/408 -/84 -1263 -/24.9 -122.2 -/31.2
17714 405/408 78/75 24.3/23.4 22.3/22.2 21.4/19.1 29.7/28.8
17715 452/457 87/89 26.4/26.0 27.8/27.6 25.0/23.7 35.0/35.5
17725 -/444 -/91 -Z28.8 -/28.3 -/25.5 -/36.6
17726 -Z420 -/88 -/28.0 -1253 -1223 -/34.1
17727 440 /437 85/85 28 .0 /26 .4 22 .8 /23 .0 24 .8 /25 .0 34 .6 /34 .5
17729 - m i -Z93 -/30.3 -Z26.0 -Z22.8 -134.2
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Figure 10. There is no signifieant differenee in mean femoral length between Middle 
and Late Canalino females or males at the 0.05 alpha level. There is a significant 
differenee between the Middle Canalino sexes (t= 3.25, df= 15) and Late Canalino sexes 
(t= 5.15, df= 19). The inter-sex differences are attributed to sexual dimorphism in stature.
Robustieity
Robusticity values are presented in Table 13. Middle and Late Canalino females 
do not show a significant differenee in femoral robusticity (t= 0.27, df= 14) (Figure 11). 
These results suggest that the primary factors that influence limb robusticity are similar
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for both female sub-samples. Interestingly, the mean robusticity values for Middle and 
Late Canalino females are high (12.6 ± 0.43 and 12.5 ± 0.86, respectively) when 
compared to samples from other warm climate populations*.
Middle and Late Canalino males do not show a significant difference in mean 
femoral robusticity (t= 1.40, df= 20). Their averages (12.8 ± 0.43 and 12.4 ± 0.74, 
respectively) are similar to other male samples from warm climate environments (e.g. 
Khoisan 12.5 +/- 0.7, Jebel Sahaba 12.4, Zulu 12.5 +/- 0.6) (Pearson, 2000).
Mean femoral robusticity is not significantly different between Middle Canalino 
males and females (t= -1.05, df= 15). This result is somewhat unexpected since Middle 
Canalino females have significantly shorter femora (t= 3.25, df= 15), and significantly 
lower estimated mean body weight (t= -4.57, df= 15) than their male counterparts. This 
suggests that Middle Canalino females actually have very robust femora. In addition, the 
percent difference between the sexes is very small (1.59%), which further indicates that 
femoral robusticity is not a sexual dimorphic trait between the Middle Canalino sexes.
Mean femoral robusticity between Late Canalino males and females is not 
significantly different (t= 0.12, df= 19). Since females have a significantly lower mean 
femoral length and estimated mean body weight than males (t= 5.15, df= 19, and t= 
-7.35, df= 19, respectively), it appears that the high degree of female femoral robusticity 
is due to a similar activity/lifestyle as their male counterparts. The percent difference in 
the Late Canalino inter-sex comparison is very low (0.80%), which suggests that femoral 
robusticity is not a sexually dimorphic trait between Late Canalino males and females.
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Table 13. San Nicolas Fémoral Robusticity.
MIDDLE CANALINO
Females
(n=7)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RÆ.) (R/L) (R/L)
17647 25.5/25.4 22.9/22.2 400/395 12.1/12.1
17651 24.1/24.8 23.1/25.4 385/394 12.3/12.7
17653 27.3/26.9 23.3/24.5 402/401 12.6/12.8
17657 25.5/27.2 20.6/22.0 346/352 13.3/14.0
17675 23.9/24.4 22.5/22.7 383/385 12.1/12.2
17677 -/26.8 -/26.4 -/416 -/12.8
17690 25.4/- 24.0/- 390/- 12.7/-
Males 
(n= 10)
A-Pat
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RÆ.) (IVL) (R/L) (R/L)
17648 28.6/27.8 23.3/24.3 390/383 13.3/13.6
17649 26.3/26.5 25.4/26.1 424/423 12.2/12.4
17652 -/28.1 -126.9 -/429 -/12.8
17654 28.3/- 24.3/- 420/- 12.5/-
17673 28.7/28.5 26.2/26.7 440/441 12.5/12.5
17674 29.9/30.5 26.1/25.5 436/434 12.8/12.9
17684 26.2/- 25.2/- 400/- 12.9/-
17717 -/30.2 -/25.2 -/455 -/12.2
17730 30.6/- 24.8/- 421/- 13.2/-
17731 29.6/- 25.3/- 411/- 13.4/-
LATE CANALINO
Females
(n=9)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RÆ) (R/L) (R/L) (R/L)
17650 24.2/25.3 21.1/20.5 395/398 11.5/11.5
17660 26.5/26.9 22.6/22.5 396/397 12.4/12.4
17679 26.7/- 24.6/- 381/- 13.5/-
17680 -/29.0 -/27.3 -/404 -/13.9
17681 -/24.1 -/21.7 -/401 -/11.4
17688 24.4/24.5 23.0/23.7 385/385 12.3/12.5
17718 26.3/- 25.4/- 397/- 13.0/-
17719 -/24.4 -122.7 -1319 -/12.4
17724 -/23.9 -122.1 -1395 -/11.8
Males 
(n= 12)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(R/L) (RA.) (RÆ,) (R/L)
17655 -/28.1 -/28.4 -/437 -/12.9
17656 25.6/- 19.0-/ 405/- 11.0/-
17659 28.6/- 24.1-/ 416/- 12.7/-
17672 30.2/29.5 25.0/24.7 413/413 13.4/13.1
17678 -/26.2 -/25.0 -/409 -/12.5
17685 -126.3 -/24.9 -/406 -/12.6
17714 24.3/23.4 22.3/22.2 400/405 11.5/11.3
17715 26.4/26.0 27.8/27.6 450/456 12.0/11.8
17725 -/28.8 -/28.3 -/443 -/12.9
17726 -/28.0 -125.3 -/416 -/12.8
17727 28.0/26.4 22.8/23.0 436/433 11.6/11.4
17729 -130.3 -/26.0 -/427 -/13.2
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Photo 7. Late Canalino adult male #17715. Anterior view of femora.
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Figure 11. San Nicolas femoral robusticity.
Platymeria and the Subtrochanteric Dmax/Dmin Ratio 
Platymerie indices are presented in Table 14. The Middle Canalino female and 
maie means, 77.7 ± 9.7 and 74.4 ± 6.8, respectively, and the Late Canalino female and 
male means, 72.8 ± 6.0 and 69.9 ± 2.4, respectively, fall with the range of platymeria as 
defined by Bass (1995). The female samples have higher means than their male
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Table 14. San Nicolas Platymerie Indices.
MIDDLE CANALINO
Females
(n=7)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
(RÆ.) (R/L) (RÆ.)
17647 21.5/20.9 30.2/30.2 71.1/69.2
17651 21.8/24.5 29.5/28.3 73.9/86.6
17653 22.7/22.8 32.4/32.7 70.1/69.7
17657 23.0/23.1 23.4/25.8 98.3/99.5
17675 23.0/22.3 28.7/28.2 80.1/79.1
17677 -/25.0 -/32.4 - n i l
17690 22.0/- 30.0/- 73.3/-
Males Subtrochanteric Subtrochanteric Platymeric
(n= 10) A-P diameter M-L diameter Index
(RÆ) (RÆ.) (R/L)
17648 29.0/25.7 29.1/32.9 89.4/78.1
17649 23.7/23.0 35.3/35.4 66.7/65.0
17652 -/26.1 -/36.8 -/70.9
17654 25.2/- 34.9/- 72.2/-
17673 25.0/25.0 34.3/34.7 72.9/72.0
17674 27.8/27.7 35.0/32.7 79.4/84.7
17684 21.9/- 33.1/- 66.1/-
17717 -/27.7 -1351 -n% .i
17730 26.5/- 3&&- 1\.M -
17731 23.1/- 31.7/- 72.9/-
LATE CANALINO
Females Subtrochanteric Subtrochanteric Platymerie
(n= 9) A-P diameter M-L diameter Index
(R/L) (RÆ,) (R/L)
17650 22.7/21.6 27.1/27.8 83.8/75.3
17660 22.8/22.9 30.6/29.2 74.5/78.4
17679 24.9/- 32.1/- 77.6/-
17680 -/25.1 -/36.4 -/69.0
17681 -/22.7 -/30.3 -/74.9
17688 22.2/21.7 32.2/31.4 68.9/69.1
17718 22.5/- 32.0/- 70.3/-
17719 -/20.5 -121.9 -113.5
17724 -/20.4 -Z32.4 -/63.0
Males Subtrochanteric Subtrochanteric Platymerie
(n= 12) A-P diameter M-L diameter Index
(R/L) (R/L) (R/L)
17655 -123.5 -/34.3 -/68.5
17656 20.2/- 28.3/- 71.4/-
17659 23.8/- 35.2/- 67.6/-
17672 25.2/25.0 34.3/34.5 73.5/72.5
17678 -/21.5 -/31.1 -/69.1
17685 -1221 -/31.2 -/71.2
17714 21.4/19.1 29.7/28.8 72.1/66.3
17715 25.0/23.7 35.0/35.5 71.4/66.8
17725 -/25.5 -/36.6 -/69.7
17726 -122.3 -/34.1 -/65.4
17727 24.8/25.0 34.6/34.5 71.7/72.6
17729 -/22.8 -/34.2 -166.1
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counterparts, which indicates that males, on average, have a greater degree of anterior- 
posterior “flattening”, or platymeria, than females.
This is unexpected sinee pelvic proportions highly influence proximal femoral 
dimensions (Trinkaus et al, 1999b). Since females tend to have wider pelvic breadths 
than males, they are expected to show greater “flatness” in the subtrochanteric anterior- 
posterior plane and wider breadths in the medial-lateral plane when compared to males.
Dmax/Dmin ratios of the subtrochanteric area of the femur are presented in Table 15 
and Figure 12. The mean Dmax/Dmin ratio of Middle and Late Canalino females does not 
differ significantly (t= -1.22, df= 14). Although both sub-samples have platymerie means 
within the range of platymeria. Middle Canalino females have slightly less anterior- 
posterior bending strength (Dmax/Dmin ratio = 1.30 ± 0.14) than their Late Canalino 
counterparts (Dmax/Dmin ratio = 1.38 ± 0.11).
Middle and Late Canalino males do not differ significantly in the mean Dmax/Dmin 
ratio (t= -1.99, df= 20). Late Canalino males have a greater amount of bone distributed in 
the subtrochanteric medial-lateral plane as opposed to the anterior-posterior plane, than 
their Middle Canalino counterparts, which explains their lower mean platymerie index.
Inter-sex comparisons were made in order to assess the degree of sexual 
dimorphism in the Dmax/Dmin ratio. There is an insignificant difference between the 
sample means of Middle Canalino males and females (t?= 0.56, df= 15), and Late 
Canalino males and females (t= 1.35, df= 19). However, sinee males typically do not 
have platypelloid pelves, it is unusual to find such a high Dmax/Dmin ratio in males. In fact, 
both male sub-samples have a higher ratio than their female counterparts.
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Table 15. San Nicolas Subtrochanteric Dmax/Dmin-
MIDDLE CANALINO
Females Subtrochanteric Subtrochanteric D m ax/Dm in
(n=7) A-P diameter M-L diameter Ratio
(RÆ) (RÆ) (RÆ,)
17647 21.5/20.9 30.2/30.2 1.40/1.44
17651 21.8/24.5 29.5/28.3 1.35/1.16
17653 22.7/22.8 32.4/32.7 1.43/1.43
17657 23.0/23.1 23.4/25.8 1.02/1.12
17675 23.0/22.3 28.7/28.2 1.25/1.26
17677 -/25.0 -/32.4 -/1.30
17690 22.0/- 30.0/- 1.36/-
Males Subtrochanteric Subtrochanteric Dm ax/Dm in
(n= 10) A-P diameter M-L diameter Ratio
(R/L) (RÆ) (R/L)
17648 29.0/25.7 29.1/32.9 1.00/1.28
17649 23.7/23.0 35.3/35.4 1.49/1.54
17652 -/26.1 -/36.8 -/1.41
17654 25.2/- 34.9/- 1.38/-
17673 25.0/25.0 34.3/34.7 1.37/1.39
17674 27.8/27.7 35.0/32.7 1.26/1.18
17684 21.9/- 33.1/- 1.51/-
17717 -/27.7 -135.1 -/1.27
17730 26.5/- 35.6/- 1.34/-
17731 23.1/- 31.7/- 1.37/-
LATE CANALINO
Females Subtrochanteric Subtrochanteric Dm ax/Dm in
(n=9) A-P diameter M-L diameter Ratio
(RÆ) (RÆ) (R/L)
17650 22.7/21.6 27.1/28.7 1.19/1.33
17660 22.8/22.9 30.6/29.2 1.34/1.28
17679 24.9/- 32.1/- 1.29/-
17680 -/25.1 -/36.4 -/1.45
17681 -/22.7 -/30.3 -/1.33
17688 22.2/21.7 32.2/31.4 1.45/1.45
17718 22.5/- 32.0/- 1.42/-
17719 -/20.5 -121.9 -/1.36
17724 -/20.4 -/32.4 -/1.59
Males Subtrochanteric Subtrochanteric Dm ax/Dm in
(n=12) A-P diameter M-L diameter Ratio
(RÆ,) (R/L) (RÆ.)
17655 -123.5 -/34.3 -/1.46
17656 20.21- 28.3/- 1.40/-
17659 23.8/- 35.2/- 1.48/-
17672 25.2/25.0 34.3/34.5 1.36/1.38
17678 -/21.5 -/31.1 -/1.45
17685 -122.2 -/31.2 -/1.41
17714 21.4/19.1 29.7/28.8 1.39/1.51
17715 25.0/23.7 35.0/35.5 1.40/1.50
17725 -125.5 -/36.6 -/1.44
17726 -122.3 -/34.1 -/1.53
17727 24.8/25.0 34.6/34.5 1.40/1.38
17729 -Z22.8 -/34.2 -/1.50
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San Nicolas Dmax/Dmin Ratio
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Figure 12. Middle and Late Canalino females do not show statistically significant 
differences in the Dmax/Dmin ratio, although the results indicate that Late Canalino females 
had greater bending strength in the anterior-posterior (A-P) plane than their Middle 
Canalino counterparts. Middle and Late Canalino males do not show statistically 
significant differences in the Dmax/Dmin ratio. On average, Late Canalino males show 
slightly greater bending strength in the anterior-posterior (A-P) plane as opposed to the 
medial-lateral (M-L) plane than their Middle Canalino counterparts. The Dmax/Dmin ratio 
of the femoral subtrochanteric area is not significantly different between the Middle or 
Late Canalino sexes at the 0.05 alpha level.
72
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Photo 8. Middle Canalino adult female #17647 (left) and Late Canalino 
adult female #17719. Medial view of proximal left femur. Both samples 
display similar external dimensions—platymerie index: 69.2 (MC) and 
73.5 (LC); Dmax/Dmin ratio: 0.69 (MC) and 0.73 (LC); pilasteric index: 1.14 
(MC) and 1.07 (LC).
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1
Photo 9 (top). Middle Canalino adult males #17648 (left) and #17649.
Photo 10 (bottom). Late Canalino adult males #17672 (left) and #17715. Both 
photos show medial view of proximal right femur depicting subtrochanteric 
flattening in the anterior-posterior plane. All samples have platymerie values 
within the range of platymeria except #17648, which presents with eurymeria.
74
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Ruff (1987) complied results from various studies that compared differences in 
lower limb hone dimensions with changes in subsistenee economy. The findings suggest, 
“...with the exception of the Georgia coast preagricultural sample, [that] females show 
consistently greater Dmax/Dmin indices in the proximal femur than males over all 
group,” (p. 402), but results from the present study show that this may not always be the 
case.
Pilasteric Index
Pilasteric indices are presented in Table 16. Middle and Late Canalino female 
means do not differ significantly (t= 0.30, df= 14), and both sample means are greater 
than 1.0 (1.10 ± 0.08 and 1.09 ± 0.05, respectively), which indicates that both female sub­
samples have a greater distribution of bone in the anterior-posterior plane as opposed to 
the medial-lateral plane of the femoral midshaft (Figure 13).
The mean Dap/Dmi ratio does not differ significantly between the two male sub­
samples (t= 0.45, df= 20). Like their female counterparts. Middle and Late Canalino 
males have greater bending strength in the anterior-posterior plane, rather than medial- 
lateral plane, of the midshaft femur (1.14 ± 0.08 and 1.12 ± 0.12, respectively). Sinee 
there is an insignificant difference in the sub-sample means between the two time 
periods, it appears that Middle and Late Canalino males were placing similar mechanical 
loads on their lower limbs.
Interestingly, both male sub-sample means are considerably lower than those 
found for other male samples from hunting and gathering populations. Perzigian et al. 
(1984) report a Dap/Dmi ratio for a sample of Ohio River Valley males to be 1.20. A
75
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table 16. San Nicolas Pilasteric Indices.
MIDDLE CANALINO
Females
(n=7)
A-P at 
Midsh,
M-L at 
Midsh.
Pilasteric
Index
(Dap/Dmi)
(RÆ) (RÆ.) (RA)
17647 25.5/25.4 22.9/22.2 1.11/1.14
17651 24.1/24.8 23.2/25.4 1.04/0.98
17653 27.3/26.9 23.3/24.5 1.17/1.10
17657 25.5/27.2 20.6/22.0 1.24/1.24
17675 23.9/24.4 22.5/22.7 1.06/1.07
17677 -/26.S -/26.4 -/1.02
17690 25.4/- 24.0/- 1.06/-
Males
(n=10)
A-P at 
Midsh.
M-L at 
Midsh.
Pilasteric
Index
(Dap/Dmi)
(R/L) (RA) (RA)
17648 28.6/27.8 23.3/24.3 1.23/1.14
17649 26.3/26.5 25.4/26.1 1.04/1.02
17652 -/28.1 -/26.9 -/1.04
17654 28.3/- 24.3/- 1.16/-
17673 28.7/28.5 26.2/26.7 1.10/1.07
17674 29.9/30.5 26.1/25.5 1.15/1.20
17684 26.2/- 25.2/- 1.04/-
17717 -/30.2 -1252 -/1.20
17730 30.6/- 24.8/- 1.23/-
17731 29.6/- 25.3/- 1.177-
LATE CANALINO
Females
(n=9)
A-P at 
Midsh.
M-L at 
Midsh.
Pilasteric
Index
( D a p /D m i)
(RA) (RA) (RA)
17650 24.2/25.3 21.1/20.5 1.15/1.23
17660 26.5/26.9 22.6/22.5 1.17/1.20
17679 26.7/- 24.6/- 1.09/-
17680 -/29.0 -1213 -/1.06
17681 -/24.1 -/21.7 - / l . l l
17688 24.4/24.5 23.0/23.7 1.06/1.03
17718 26.3/- 25.4/- 1.04/-
17719 -/24.4 -122.1 -/1.07
17724 -/23.9 -122.1 -/1.05
Males
(n=12)
A-P at 
Midsh.
M-L at 
Midsh.
Pilasteric
Index
(Dap/Dmi)
(RA) (RA) (RA)
17655 -/28.1 -/28.4 -10.99
17656 25.6/- 19.0/- 1.35/-
17659 28.6/- 24.1/- 1.19/-
17672 30.2/29.5 25.0/24.7 1.21/1.19
17678 -126.2 -/25.0 -/1.05
17685 -/26.3 -/24.9 -/1.06
17714 24.3/23.4 22.3/22.2 1.09/1.05
17715 26.4/26.0 27.8/27.6 0.95/0.94
17725 -/28.8 -/28.3 -/1.02
17726 -/28.0 -/25.3 - / l . l l
17727 28.0/26.4 22.8/23.0 1.23/1.15
17729 -/30.3 -/26.0 -/1 .17
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Figure 13. The pilasterie ratio (Dap/Dmi) is not statistieally significantly different 
between females or males from both time periods, nor between the Middle and Late 
Canalino sexes. This ratio is a strong indicator of biomecbanical stresses applied between 
the femoral and tibial midsbafts. Indices greater than 1.0 indicate greater bending strength 
in the anterior-posterior (A-P) plane, and are commonly found among mobile individuals.
sample of Pecos Pueblo males has a mean of 1.18 (Ruff et al., 1983). Terrain and 
technology may explain the discrepancy. The inhabitants of San Nicolas Island are 
geographically constrained and are thus probably less mobile than other bunting and 
gathering populations on a mainland. Furthermore, although considered “hunters and 
gatherers”, the San Nicolas inhabitants are maritime or coastal hunters, not terrestrial
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game hunters. The hunting tactics and activities associated with each type of hunting 
strategy are very different.
In addition, the inhabitants of San Nicolas Island made use of plank canoes. 
Although the time period of its development is debatable, most Pacific Coast 
archaeologists agree that a rudimentary form had existed around 500 CE as a replacement 
for the dugout eanoe (McCawley, 2002). The plank eanoe was refined in the following 
centuries and became a reliable ocean-going vessel between 800 CE-1000 CE 
(MeCawley, 2002). The San Nicolas inhabitants relied on the canoe for some modes of 
travel, such as hunting marine mammals out at sea and journeying to the mainland for 
trade purposes (Rabb, 1997; McCawley, 2002; Erlandson, 1994). Thus, it is conceivable 
that the low Dap/Dmi ratios of the San Nicolas samples are a result of terrain-related and 
technological factors.
Middle and Late Canalino inter-sex comparisons were made in order to determine 
if the presence of a pilaster is a sexually dimorphic trait. The findings can help to 
elucidate if sexual division of labor was present during the Middle and Late Canalino. 
Middle Canalino male and female means are not significantly different (t= 0.98, df= 15), 
and the percent difference between the sexes is low (3.64%). Although these results 
cannot be taken as evidence that males and females participated in the same activities, 
they can be used to suggest that the sexes participated in activities that exerted similar 
mechanical loadings around the knee joint.
The mean Dgp/Dmi ratio is not significantly different between Late Canalino males 
and females (t= 0.71, df= 19). The percent difference is 2.75%, which is lower than 
between the Middle Canalino sexes. These results are consistent with those fi’om the
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Middle Canalino inter-sex comparison, and together suggest that between 500 BCE and 
1500 CE the Gabrielino Indians of San Nieolas Island probably did not establish a strict 
system of labor based on sex.
Analyzing the archaeological findings may help support the eonclusion that 
sexual division of labor was either low or non-existent during the Middle and Late 
Canalino’. Reinman and Townsend have systematically recorded artifact sequences 
between Middle and Late Canalino horizons from excavations between 1959 and 1960 
(Reinman et al., 1960). Site SNI-16 represents the Middle Canalino, while SNI-18 
represents the Late Canalino.
Twenty-two utilitarian objects and 372 ornamental objects were recovered from 
SNI-16 (Reinman et al, 1960). Stone artifacts include a shale scrapper, a sandstone 
pestle and steatite pendants (Reinman et al, 1960). Sea mammal and bird bones were 
used to make awls, pendants, whistles and miscellaneous utilitarian tools (Reinman et al, 
1960). Two unmodified beaks from Phalacrocorax penicillatus were found with burial 
#2, a young-adult male, and it is postulated that, “these may have some association or use 
as a talisman to bring good luck in hunting,” (Reinman et al, 1960, p. 8). Shell artifacts 
are abundant and are primarily ornamental.
Three burials were found at site SNI-16. Grave goods were not found with the 
young-adult female burial, but steatite beads, pendants, a shell dish, a fish gorge and bird 
beaks (see above) were found with the young-adult male burial. A fetus was buried in 
asphaltum basketry, but no grave goods were found (Reinman et al, 1960).
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Photo 11. 
diaphysis.
Late Canalino adult female #17718. Medial view of right femur depicting
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Artifacts from SNI-18 are more sophisticated than those recovered from SNI-16. 
In addition, greater frequencies of utilitarian objects were found. Stone artifacts include: 
leaf-shaped chert points, a sandstone hammer, a chopper, cores, mortars and pestles, 
steatite bowl fragments, pipes and drills (Reinman et al, 1960). Bone artifacts consist of 
awls made from bird bones, whalebone pries, single-barbed harpoons, and ornamental 
objects (Reinman et al, 1960). Ornamental shell objects are similar to those found in 
SNI-16, but utilitarian goods made from shell are more abundant. Six containers, thirty- 
one fishhooks, and fish blanks were recovered (Reinman et al, 1960).
Five burials were found at SNI-18. Four were adult males and one was a young- 
adult of undetermined sex (Reinman et al, 1960). There were no associated funerary 
objects found with this individual, but the male burials contained pipes, stone points, 
fishhooks and shell containers (Reinman et al, 1960).
From the analysis of artifact type and distribution, it appears that males were more 
often buried with grave goods than females, and that between the Middle and Late 
Canalino there was an increase in craft specialization evidenced by the greater 
elaboration and diversification of Late Canalino artifacts. Rogers (1993, p. 20) has 
summarized the archaeological data from San Nicolas Island as follows:
In the earliest middens of this cultural period [Canalino], artifacts 
are scarce, of little variety, and mostly of a utilitarian nature.
Throughout the Canalino horizons a constant cultural progress and 
refinement is readily observable; new tools appear, others become 
specialized, and objects of adornment become increasingly
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common. Only at the top of this horizon do importations from the 
mainland and other islands appear in profusion.
Thus, the archaeological evidence, by way of increased diversification and 
sophistication of cultural materials, suggests that craft specialization and perhaps division 
of labor may have intensified from the Middle to the Late Canalino. Based on the 
archaeological data, it is unclear if this division of labor was based on sex. However, the 
skeletal evidence (e.g. femoral robusticity and pilasteric indices) indicates that Middle 
Canalino males and females, and Late Canalino males and females, were participating in 
activities that yielded similar mechanical effects of the femur. Historical accounts 
indicate that the sexes participated in specific tasks (Orr, 1956), but this was probably not 
the case in prehistoric times.
Paa-ko 
Femur Length
Length is measured primarily for comparative purposes of robusticity. Femoral 
measurements are presented in Table 17 and Figure 14. A significant difference in 
femoral length is expected between the sexes since stature, which correlates highly with 
length, is a sexually dimorphic trait. This is evident between Prehistoric males and 
females (t= -2.70, df= 14), but not between Historic males and females (t= -0.35, df= 3).
The mean femoral length between Prehistoric (425 ± 24.5) and Historic (407 ± 
29.0) males is not significantly different (t= 0.81, df= 8). Non-signifieant differences
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Table 17. Paa-ko Femoral Measurements.
PREHISTORIC
Females
(n=8)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtree.
A-P
diameter
Subtree.
M-L
diameter
(RÆ.) (RÆ.) (R/L) (R/L) (R/L) (RÆ.)
1971-82-20 380/380 72/72 23.8/22.9 21.0/21.4 21.0/21.0 26.7/26.6
1971-82-41 423/428 80/85 22.9/22.8 26.3/29.4 22.4/23.1 32.9/32.9
1971-82-63 398/- 76/- 23.2/- 22.1/- 21.0/- 27.2/-
1971-82-91 408/- 78/- 24.1/- 23.2/- 19.6/- 29.0/-
1971-82-106a 376/- 67/- 22.0/- 19.3/- 20.4/- 28.5/-
1971-82-111 400/400 75/74 22.3/21.5 23.1/22.7 20.2/20.1 27.9/27.9
1971-82-112 406/406 73/74 21.7/21.9 22.1/23.3 20.5/20.6 29.0/28.6
1971-82-114 -/381 -/81 -/26.0 -/24.2 -/24.1 -I29J
Males
(n=8)
Max.
Length
Midsh.
Cire.
A-P at 
Midsh.
M-L at 
Midsh.
Subtree.
A-P
diameter
Subtree.
M-L
diameter
(R/L) (RÆ.) (RÆ.) (RÆ.) (RÆ) (R/L)
1971-82-19 444/447 89/91 28.1/32.9 26.2/24.1 22.2/22.9 32.5/31.1
1971-82-56 -/435 -/79 -/26.0 -/22.8 -/19.8 -129.2
1971-82-64 408/408 77/78 32.5/32.0 25.7/25.0 27.5/25.9 29.3/30.9
1971-82-118 464/- 90/- 26.5/- 29.1/- 24.2/- 36.8/-
1971-82-132 -/441 -/85 -/29.1 -/23.3 -/24.4 -/31.7
1971-82-1386 397/398 80/77 25.2/23.4 23.8/24.3 22.6/22.4 27.3/26.4
1971-82-147 405/- 81/- 26.3/- 22.7/- 22.5/- 31.0/-
1971-82-155 -/403 -/83 -/27.0 -1203 -122.0 -129.0
HISTORIC
Females
(n=3)
Max.
Length
Midsh.
Cire.
A-P at 
Midsh.
M-L at 
Midsh.
Subtree.
A-P
diameter
Subtree.
M-L
diameter
(RÆ) (R/L) (R/L) (RÆ) (RÆ) (R/L)
1971-82-7 410/404 77/79 24.6/25.0 22.6/22.4 23.1/22.9 29.3/27.6
1971-82-11 -/391 -115 -/24.4 -122.0 -/20.4 -/28.4
1971-82-14 396/- 75/- 24.4/- 22.7/- 20.7/- 29.7/-
Males
(n=2)
Max.
Length
Midsh.
Cire.
A-P at 
Midsh.
M-L at 
Midsh.
Subtree.
A-P
diameter
Subtree.
M-L
diameter
(R/L) (RÆ) (RÆ) (R/L) (R/L) (R/L)
1971-82-1 386/390 75/75 26.2/24.8 21.5/21.3 22.0/21.1 27.5/27.2
1971-82-15 427/430 85/83 26.6/27.6 25.4/25.8 23.0/23.6 31.1/30.4
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Figure 14. There is a statistically significant difference in mean femoral length between 
the sexes in the Prehistoric sample, but not in the Historic sample. Results from the 
Historic sample may be due to sample size error. Prehistoric and Historic males, and 
Prehistoric and Historic females do not show statistically significant differences in mean 
femoral length at the 0.05 alpha level.
were also obtained between Prehistoric and Historic females (t= -0.31, df= 9).
Robusticity
Robusticity values are presented in Table 18. The mean femoral robusticity value 
of Prehistoric and Historic females and Prehistoric and Historic males are not 
significantly different (t= 0.45, df= 8 and t=0.38, df= 6, respectively) (Figure 15).
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Prehistoric and Historic female mean femoral length and estimated mean body weight (t= 
-0.22, df= 9) are not significantly different, which may contribute to the non-significant 
difference in mean femoral robusticity. The same explanation can be said for Prehistoric 
and Historic males, where estimated mean body weights are not significantly different (t= 
0.89, df= 8).
Prehistoric males (12.6 ± 0.98) and females (11.7 ± 0.84) do not differ 
significantly in mean femoral robusticity (t -1.72, df= 11). These results suggest that 
Prehistoric females have relatively robust femora, despite having significantly shorter 
femora and significantly lighter estimated body weight (t= -3.97, df= 14) than their male 
counterparts. Pearson has noted that climate is the most highly correlated factor 
associated with post-cranial robusticity (2000). Clearly the climatic regime is equal 
between Prehistoric males and females, but other factors that influence limb robusticity, 
such as activity/lifestyle, can not be ruled as acting equaling on the sexes and thus 
potentially contributing to non-significant differences in mean femoral robusticity 
between males and females.
There is a significant difference in mean femoral robusticity between Historic 
males and females (t= -3.40, df= 3). Since mean femoral length and estimated mean body 
weight (t= -1.30, df= 3) are not significantly different between the samples, it is 
suggested that significant differences in robusticity are attributed primarily to differences 
in activity/lifestyle. Increased reliance on agriculture is typically associated with a 
decrease in sexually dimorphic, flexible phenotypes that are mechanically sensitive, such 
as limb robusticity, presence/absence of a pilaster and tibial diaphyseal shape, because
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males and females are generally more sedentary, and thus applying similar mechanical 
loadings on their lower limbs.
Table 18. Paa-ko Femoral Robusticity.
PREHIS"roRic
Females A-P at M-L at Bicondylar Robusticity
(n=8) Midshaft Midshaft Length
(R/L) (RT.) (RA.) (RA.)
1971-82-20 23.8/22.9 21.0/21.4 -/- -/-
1971-82-41 22.9/22.8 26.3/29.4 420/423 11.7/12.3
1971-82-63 23.2/- 22.1/- 392/- 11.6/-
1971-82-91 24.1/- 23.2/- 403/- 11.7/-
1971-82-106a 22.0/- 19.3/- 374/- 11.0/-
1971-82-111 22.3/21.5 23.1/22.7 395/395 11.5/11.2
1971-82-112 21.7/21.9 22.1/23.3 404/404 10.8/11.2
1971-82-114 -/26.0 -/24.2 -/376 -/13.4
Males
(n=8)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RA.) (RA.) (RA.) (RA.)
1971-82-19 28.1/32.9 26.2/24.1 442/444 12.3/12.8
1971-82-56 -/26.0 -/22.8 -/“ -/-
1971-82-64 32.5/32.0 25.7/25.0 402/402 14.5/14.2
1971-82-118 26.5/- 29.1/- 461/- 12.1/-
1971-82-132 -/29.1 -/23.3 -/431 -/12.2
1971-82-138b 25.2/23.4 23.8/24.3 395/396 12.4/12.0
1971-82-147 2&3A 22.7/- -/- -/-
1971-82-155 -/27.0 -/20.3 -/402 -/11.8
HISTORIC
Females
(n=3)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RA.) (RA.) (RA.) (RA.)
1971-82-7 24.6/25.0 22.6/22.4 409/404 11.5/11.7
1971-82-11 -/24.4 -122.0 -/387 -/12.0
1971-82-14 24.4/- 22.7/- 392/- 12.0/-
Males
(n=2)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity
(RA.) (RA.) (RA.) (RA.)
1971-82-1 26.2/24.8 21.5/21.3 384/384 12.4/12.0
1971-82-15 26.6/27.6 25.4/25.8 421/425 12.4/12.6
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Figure 15. Prehistoric and Historic females, and Prehistoric and Historic males do not 
show significant difference in mean femoral robusticity. There is not a statistically 
significant difference in femoral robusticity between male and female Prehistoric adults. 
The average robusticity value of Paa-koan Prehistoric males is similar to Khoisan (12.5 
± 0.7) and Zulu (12.5 ± 0.6) male samples (Pearson 2000). While the average Prehistoric 
Paa-koan female robusticity value is comparable to Jebel Sahaba (11.9) and Australian 
(11.4 ± 0.8) female samples (Pearson 2000). All populations are associated with a warm 
climate regime. Historic males and females show a statistically significant difference in 
femoral robusticity at the 0.05 alpha level. However, it is possible that small sample sizes 
are contributing to error. The male average is similar to Khoisan (12.5 ± 0.7), Jebel 
Sahaba (12.4), Zulu (12.5 ± 0.6), Afiican-American (12.3 ± 0.8) and Australian (12.2 ± 
0.7) male samples as well as one fossil sample, Skhûl-Qafzeh (12.5) (Pearson 2000). The 
female average is comparable to Jebel Sahaba (11.9) female samples (Pearson 2000). All 
populations are associated with a warm climate regime.
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However, although Historic Paa-koans relied more on agriculture than their 
Prehistoric predecessors, they did not practice agriculture at the exclusion of other 
subsistence economies. Instead, the archaeological data indicate that Historic Paa-koans 
practiced broad-based subsistence patterns. Awls, daggers, scrapers, knives and projectile 
points have been found at historic sites, which suggest that meat was still an important 
component of the diet (Lambert, 1954). In addition, manos found at Historic sites have 
the same wear patterns as those found at Prehistoric localities (Lambert, 1954). “Most are 
much rounded and worn and the ends of some appear to have served also as chopping and 
pounding implements,” (Lambert, 1954, p. 125). Thus, a mixed-subsistence regime, 
which indicates a plethora of potential activities that can have differential mechanical 
effects on the lower limbs, may explain why Historic males and females have 
significantly different mean femoral robusticity values.
Platymeria and the Subtrochanteric Dmax/Dmin Ratio 
Prehistoric and Historic platymerie values and Dmax/Dmin ratios are presented in 
Tables 19 and 20, respectively. Prehistoric males and females have mean platymerie 
values of 75.5 ± 9.3 and 73.4 ± 5.0, respectively, and Historic males and females have 
mean platymerie values of 77.0 ± 4.2 and 72.5 ± 4.8, respectively. All four sub-samples 
have means that fall within the platymerie range defined by Bass (1995). The lower mean 
values for the female sub-samples indicate that they have, on average, “flatter” anterior- 
posterior planes (i.e. a greater degree of platymeria) than males. This is expected since 
females have wider pelvic breadths than males, and thus require greater bending strength 
in the medial-lateral plane of the proximal femur.
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Table 19. Paa-ko Platymeric Indices.
PREHISTORIC
Females Subtree. Subtree. Platymerie
(n=8) A-P diameter M-L diameter Index
(RT.) (ICL) (R/L)
1971-82-20 21.0/21.0 26.7/26.6 78.7/78.9
1971-82-41 22.4/23.1 32.9/32.9 68.1/70.2
1971-82-63 21.0/- 27.2/- 77.2/-
1971-82-91 19.6/- 29.0/- 67.6/-
1971-82-106a 20.4/- 28.5/- 71.6/-
1971-82-111 20.2/20.1 27.9/27.9 72.4/72.0
1971-82-112 20.5/20.6 29.0/28.6 70.7/72.0
1971-82-114 -/24.1 -129.1 -/81.1
Males Subtree. Subtree. Platymerie
(n=8) A-P diameter M-L diameter Index
(RÆ,) (RA) (RA)
1971-82-19 22.2/22.9 32.5/31.1 68.3/73.6
1971-82-56 -/19.8 -1292 -161.%
1971-82-64 27.5/25.9 29.3/30.9 93.9/83.8
1971-82-118 24.2/- 36.8/- 65.8/-
1971-82-132 -/24.4 -/31.7 -/77.0
1971-82-1386 22.6/22.4 27.3/26.4 82.8/84.9
1971-82-147 22.5/- 31.0/- 72.6/-
1971-82-155 -/22.0 -/29.0 -/75.9
HISTORIC
Females Subtree. Subtree. Platymerie
(n=3) A-P diameter M-L diameter Index
(RA) (RA) (RA)
1971-82-7 23.1/22.9 29.3/27.6 78.8/83.0
1971-82-11 -/20.4 -/28.4 -/71.8
1971-82-14 20.7/- 29.7/- 69.lt-
Males
(n=2)
Subtree. 
A-P diameter
Subtree. 
M-L diameter
Platymerie
Index
(RA) (RA) (RA)
1971-82-1 22.0/21.1 27.5/27.2 80.0/77.6
1971-82-15 23.0/23.6 31.1/30.4 74.0/77.6
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IPhoto 12. Prehistoric adult female #1971 -82-112 (left) and Historic adult female 
#1971-82-14. Anterior view of the proximal right femur depicting greater bending 
strength in the medial-lateral plane of the Historic sample. Although the 
subtrochanteric area is observably different, platymeric indices are quite similar 
(70.7 for the Prehistoric sample, and 69.7 for the Historic sample).
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Table 20. Paa-ko Subtrochanteric Dmax/Dn
PREHISTORIC
Females
(n=8)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Dmax^min
Ratio
(RA) (RA) (RA)
1971-82-20 21.0/21.0 26.7/26.6 1.27/1.27
1971-82-41 22.4/23.1 32.9/32.9 1.47/1.42
1971-82-63 21.0/- 27.2/- 1.30/-
1971-82-91 19.6/- 29.0/- 1.48/-
1971-82-106% 20.4/- 28.5/- 1.40/-
1971-82-111 20.2/20.1 27.9/27.9 1.38/1.39
1971-82-112 20.5/20.6 29.0/28.6 1.41/1.39
1971-82-114 -/24.1 -129.1 -/1.23
Males
(n=8)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Dmax/Dmin
Ratio
(RA) (RA) (RA)
1971-82-19 22.2/22.9 32.5/31.1 1.46/1.36
1971-82-56 -/19.8 -129.2 -11.41
1971-82-64 27.5/25.9 29.3/30.9 1.07/1.19
1971-82-118 24.2/- 36.8/- 1.52/-
1971-82-132 -/24.4 -/31.7 -/1.30
1971-82-1386 22.6/22.4 27.3/26.4 1.21/1.18
1971-82-147 22.5/- 31.0/- 1.38/-
1971-82-155 -/22.0 -129.0 -/1.32
HISTORIC
Females
(n=3)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Dmax/Rmin
Ratio
(RA) (RA) (RA)
1971-82-7 23.1/22.9 29.3/27.6 1.27/1.21
1971-82-11 -/20.4 -/28.4 -/1.39
1971-82-14 20.11- 29.7/- 1.43/-
Males
(n=2)
Subtrochanteric 
A-P Diameter
Subtrochanteric 
M-L Diameter
Dmax/Dmin
Ratio
(RA) (RA) (RA)
1971-82-1 22.0/21.1 27.5/27.2 1.25/1.29
1971-82-15 23.0/23.6 31.1/30.4 1.35/1.29
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Prehistoric males and females do not differ signifieantly in mean Dmax/Dmin ratio 
(t= 0.49, df= 14) (Figure 16). The higher mean for the female sample is in accordance 
with their lower mean platymeric index than the male sample, which indicates that the 
proximal femoral diaphysis of females is adapted to withstand greater bending strength in 
the medial-lateral plane rather than the anterior-posterior plane.
The average Dmax/Dmin ratio is not significantly different between Historic males 
and females (t= 0.83, df= 3) The average female ratio is higher than that for males, which 
suggests that females have slightly more bone distributed in the medial-lateral plane 
rather than in the anterior plane. These results correspond with those from the platymeric 
index, where the female sample had, on average, a greater degree of platymeria than the 
male sample. It is, however, unexpected that the Dmax/Dmin ratios are not significantly 
between the Prehistoric or Historic sexes since pelvic dimensions strongly influence these 
ratios.
Prehistoric and Historic females do not differ significantly (t= 0.17, df= 9), nor do 
prehistoric and Historic males (t= 0.36, df^ 8).
Pilasteric Indices
Pilasteric indices are presented in Table 21. The mean Dap/Dmi ratios of 
Prehistoric and Historic females, and Prehistoric and Historic males are not significantly 
different (t- 1.12, df= 9 and t= 0.10, df= 8, respectively) (Figure 17). These results 
suggest that between the 13* and 17* centuries, Paa-koan males and females continued to 
apply similar mechanical loadings and strains around the knee joint.
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Figure 16. Average Dmax/Dmin ratio between the sexes is not statistically significant at 
the 0.05 alpha level. The average male and female ratio is much greater than that from 
another Prehistoric New Mexico hunting and gathering population (Pecos Pueblo), where 
the average Dmax/Dmin ratio is 1.03 and 1.10 for males and females, respectively (Ruff 
1987). Males and females over time do not show significant differences in mean 
Dmax/Dmin ratioS.
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Table 21. Paa-ko Pilasteric Indices.
PREHISTORIC
Females A-P at M-L at Dap/Dml
(n=8) Midsh. Midsh.
(R/L) (RÆ) (R/L)
1971-82-20 23.8/22.9 21.0/21.4 1.13/1.07
1971-82-41 22.9/22.8 26.3/29.4 0.87/0.78
1971-82-63 23.2/- 22.1/- 1.05/-
1971-82-91 24.1/- 23.2/- 1.04/-
1971-82-106a 22.0/- 19.3/- 1.14/-
1971-82-111 22.3/21.5 23.1/22.7 0.97/0.95
1971-82-112 21.7/21.9 22.1/23.3 0.98/0.94
1971-82-114 -/26.0 -/24.2 -/1.07
Males
(n=8)
A-P at 
Mldh.
M-L at 
Midsh.
Dap/Dml
(RÆ.) (RÆ) (RÆ)
1971-82-19 28.1/32.9 26.2/24.1 1.07/1.37
1971-82-56 -/26.0 -/22.8 V I.14
1971-82-64 32.5/32.0 25.7/25.0 1.26/1.28
1971-82-118 26.5/- 29.1/- 0.91/-
1971-82-132 -/29.1 -/23.3 -/1.25
1971-82-138b 25.2/25.4 23.8/24.3 1.06/1.05
1971-82-147 26.3/- 22.7/- 1.16/-
1971-82-155 -/27.0 -/20.3 -/1.33
HISlr o ]RIG
Females
(n=3)
A-P at 
Midsh.
M-L at 
Midsh.
Dap/Dml Males 
(n= 2)
A-P at 
Midsh.
M-L at 
Midsh.
Dap/Dml
(R/L) (RÆ) (RÆ) (R/L) (RÆ) (RÆ.)
1971-82-7 24.6/25.0 22.6/22.4 1.09/1.12 1971-82-1 26.2/24.8 21.5/21.3 1.22/1.16
1971-82-11 -/24.4 -/22.0 -/1 .11 1971-82-15 26.6/27.6 25.4/25.8 1.06/1.07
1971-82-14 24.4/- 22.7/- 1.07/-
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Figure 17. Prehistoric and Historic females, and Prehistoric and Historic males do not 
differ significantly in the mean pilasteric ratio. The difference between Prehistoric males 
and females is not statistically significant at the 0.05 alpha level (percent difference is 
11.7%). The difference between Historic males and females is not statistically significant 
at the 0.05 alpha level. The percent difference between the sexes is much lower (4.59%) 
than among the Prehistoric sample, which suggests that males and females either 
participated in similar activities or participated in different activities that elicited similar 
mechanical loadings on the midshaft femur. A ratio greater than 1.0 indicates greater 
bending in the anterior-posterior (A-P) plane relative to the medial-lateral (M-L) plane. 
Ratios equaling 1.0 indicate practical circularity at the measured section of the midshaft.
That is not to say that activity patterns practiced by males and females were the 
same between the two time periods. The results merely imply that the types of
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mechanical loading between the two female sub-samples and the two male sub-samples 
did not drastically change between the 13* through 17* centuries.
An interesting finding to draw attention to is the mean ratio for the Prehistoric 
female sample. A pilasteric ratio equal to 1.0 indicates practical circularity at the 
measured section of the femoral midshaft. This is often seen among sedentary 
populations because of reduced mechanical loadings on the lower limbs. However, since 
Paa-koans from the Pueblo IV period established economic and social systems based on 
gender (Spielmann, 1998), it is possible that Prehistoric males partook in activities that 
habitually stressed the knee flexor and extensor muscles, while females were less active. 
Unfortunately, the specificities of grave goods found within burials were not recorded. 
Thus, it is difficult to draw conclusions about one’s occupation in life.
Prehistoric males and females do not differ significantly in the mean pilasteric 
ratio (t= -2.11, df= 14). However, the percent difference between the sexes is high 
(11.7%), which suggests that the presence of the pilaster is a sexually dimorphic trait.
The mean pilasteric ratio is not significantly different between Historic males and 
females (t= -0.82, df= 3). Since the means are not significantly different and the percent 
difference is low (4.59%), the results suggest that males and females either participated in 
similar activities or participated in different activities that yielded similar mechanical 
loadings on the midshafi femur.
The results from the pilasteric analyses suggest two things: 1) that the pilaster is 
(not a very flexible phenotype (i.e. since Prehistoric and Historic Paa-koans practiced 
different subsistence strategies yet pilasteric ratios are not significantly different between
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Photo 13. Prehistoric adult male #1971-82-64 and Historic adult male #1971-82-1. 
Right femur (medial) clearly depicting greater anterior-posterior bending strength in the 
Prehistoric sample (left).
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Photo 14. Historic adult female #1971-82-14. Medial view of right femur showing 
anterior-posterior diameter of the subtrochanteric area and slight pilaster on the posterior 
surface of the diaphysis (anterior surface is left).
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Photo 15. Prehistoric adult male #1971-82-64. Lateral view of right femoral diaphysis 
depicting pronounced pilaster (proximal is to the left and anterior surface is up).
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the sexes from both time periods), and/or, 2) the pilasteric index is ambiguous in 
populations practicing mixed economies and thus is probably not a useful tool for 
mechanical assessments of the femur.
Tibia Length
Tibial measurements are presented in Table 22. Mean tibial lengths are not 
significantly different between Prehistoric and Historic females (t= 0.80, df=7). 
Prehistoric and historic males t= 0.05, df= 7), or between the Historic sexes (t= 2.49, df= 
2), hut there is a significant difference in mean length between Prehistoric males and 
females (t= 2.82, df= 12) (Figure 18).
Robusticity
Robusticity values are presented in Table 23. The mean robusticity values of 
Prehistoric and Historic females (t= -1.64, df= 7), Prehistoric and Historic males (t= 0.63, 
df= 7), and the Prehistoric sexes (t= 1.75, df= 12) are not significantly different (Figure 
19). The Prehistoric sexes do not differ significantly in mean tibial robusticity, despite 
significant differences in both tibial length and estimated mean body weight (t= 3.59, df= 
12). Thus it appears that at the very least the insignificant difference in mean tibial 
robusticity is partially due to similar activity/lifestyle.
The Prehistoric inter-sex comparison of tibial robusticity mirrors the results from 
femoral robusticity analyses. The results indicate that lower limb robusticity in the 
Prehistoric sexes is not a sexually dimorphic trait. In addition, since mean bone length 
(i.e. femur and tibia) and estimated mean body weight are significantly different between
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Table 22. Paa-ko Tibial Measurements.
PREHISTORIC
Females Max. Max. Distal Max. A-P M-L
(n=6) Length Epiphyseal Proximal diameter diameter at
Bd. Epiphyseal
Bd.
atNF NF
(R/L) (R/L) (R/L) (RA) (R/L)
1971-82-41 362/364 48/47 70/69 29.6/30.3 17.9/17.7
1971-82-63 342/343 45/45 67/67 29.5/31.4 21.4/23.5
1971-82-91 329/328 47/46 68/66 29.8/31.7 18.0/16.1
1971-82-111 324/321 47/48 67/67 29.0/29.4 20.9/19.4
1971-82-112 332/334 45/46 69/70 29.5/29.3 18.2/18.1
1971-82-114 322/322 45/45 67/68 30.7/32.0 21.2/22.1
Males
(n=8)
Max.
Length
Max. Distal 
Epiphyseal 
Bd.
Max.
Proximal
Epiphyseal
Bd.
A-P 
diameter at 
NF
M-L 
diameter at 
NF
(RA) (R/L) (RA) (RA) (RA)
1971-82-19 378/378 53/- 74/75 37.2/37.4 22.9/23.7
1971-82-34 -/367 -/50 -/70 -132.1 -120.0
1971-82-64 360/358 51/51 73/73 36.4/36.3 19.8/20.6
1971-82-98 341/- 49/- 72/- 33.8/- 19.4/-
1971-82-118 391/388 53/55 80/80 39.6/41.6 20.2/21.1
1971-82-132 382/381 52/50 76/76 37.0/37.7 21.6/20.1
1971-82-138b -/333 -/51 -/71 -130.3 -121.1
1971-82-147 350/350 50/50 -/71 32.7/32.6 20.6/20.8
HISTORIC
Females
(n=3)
Max.
Length
Max. Distal 
Epiphyseal 
Bd.
Max.
Proximal
Epiphyseal
Bd.
A-P 
diameter at 
NF
M-L 
diameter at 
NF
(RA) (RA) (RA) (RA) (RA)
1971-82-7 341/- 46/- 70/- 31.1/- 22.0/-
1971-82-11 319/314 46/46 69/66 29.6/29.9 20.5/19.3
1971-82-14 321/322 47/48 69/68 29.4/31.0 21.2/20.0
Males
(n=2)
Max.
Length
Max. Distal 
Epiphyseal 
Bd.
Max.
Proximal
Epiphyseal
Bd.
A-P 
diameter at 
NF
M-L 
diameter at 
NF
(RA) (RA) (RA) (RA) (RA)
1971-82-1 -/- 41/41 -/- 29.3/29.3 18.2/18.4
1971-82-15 -/362 -/45 76/76 35.7/36.9 19.9/17.6
101
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Paa-ko Tibial Length
380.00-
360.00
£
2> 340.00-
320.00-
s
300.00 -
280.00-
P reh isto ric P reh isto ric  M aies H istoric F e m a ie s  Historic M aies
F e m a ie s
Group
Figure 18. Paa-ko tibial length.
the sexes, it is suggested that these two factors are not strong estimators of limb 
robusticity. The Historic sexes differ significantly in mean tibial robusticity (t= -5.22, df= 
2), despite insignificant differences in mean tibial length and estimated mean body 
weight.
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Photo 16. Historic adult female #1971 -82-11. Lateral view of left femur depicting 
relative circularity of the diaphysis ^ ox im al is towards the top and anterior is left).
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Table 23. Paa-ko Tibial Robusticity.
PREHISTORIC
Females 
(n= 6)
Max.
Length
A-P
diameter
AtNF
M-L 
diameter at 
NF
Robusticity
(RÆ.) (BJL) (RA) (RA)
1971-82-41 362/364 29.6/30.3 17.9/17.7 13.1/13.2
1971-82-63 342/343 29.5/31.4 21.4/23.5 14.9/16.0
1971-82-91 329/328 29.8/31.7 18.0/16.1 14.5/14.6
1971-82-111 324/321 29.0/29.4 20.9/19.4 15.4/15.2
1971-82-112 332/334 29.5/29.3 18.2/18.1 14.4/14.2
1971-82-114 322/322 30.7/32.0 21.2/22.1 16.1/16.8
Males
(n=8)
Max.
Length
A-P 
diameter at 
NF
M-L 
diameter at 
NF
Robusticity
(RA) (RA) (RA) (RA)
1971-82-19 378/378 37.2/37.4 22.9/23.7 15.9/16.2
1971-82-34 -/367 -/32.7 -120.0 -/14.4
1971-82-64 360/358 36.4/36.3 19.8/20.6 15.6/15.9
1971-82-98 341/- 318A 19.4/- 15.6/-
1971-82-118 391/388 39.6/41.6 20.2/21.1 15.3/16.2
1971-82-132 382/381 37.0/37.7 21.6/20.1 15.3/15.2
1971-82-1380 -/333 -/30.3 -121.1 -/15.6
1971-82-147 350/350 32.7/32.6 20.6/20.8 15.2/15.3
HISTO]RIG
Females
(n=3)
Max.
Length
A-P 
diameter at 
NF
M L  
diameter at 
NF
Robusticity
(RA) (RA) (RA) (RA)
1971-82-7 341/- 31.1/- 22.01- 15.6/-
1971-82-11 319/314 29.6/29.9 20.5/19.3 15.7/15.7
1971-82-14 321/322 29.4/31.0 21.2/20.0 15.8/15.8
Males 
(n= 2)
Max.
Length
A-P 
diameter at 
NF
M-L 
diameter at 
NF
Robusticity
(RA) (RA) (RA) (RA)
1971-82-1 -/- 29.3/29.3 18.2/18.4 -/-
1971-82-15 -1362 35.7/36.9 19.9/17.6 -/15.1
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Figure 19. Prehistoric and Historic females, and Prehistoric and Historic males do not differ 
significantly in mean tibial robusticity. This indicates that various factors contributing to limb robusticity, 
such as climate, body mass, limb length and activity/lifestyle (Pearson, 2000) were similar between these 
samples. Mean robusticity values between Prehistoric males and females are not significantly different, but 
it is between the Historic sexes.
These results indicate that Historic females have relatively robust tibiae when compared 
to their male counterparts.
Platycnemia and the Dmax/Dmin Ratio 
Platycnémie indices and Dmax/Dmin ratios are presented in Table 24. Prehistoric 
females and males have mean platycnemie indices of 66.1 ± 5.8 and 59.8 ± 6.2,
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respectively, which fall within the range of mesocnemia and platycnemia, while Historic 
females and males have mean platycnemie indices of 70.7 +/- 2.0 and 58.9 +/- 4.5, 
respectively, which fall within the range of eurycnemia and platycnemia as defined by 
Bass (1995) (Figure 20).
Table 24. Paa-ko Platycnemie Indices.
PR E H IST O R IC
Females
(n=6)
A-P diam. 
atNF
M-L diam. 
atNF
Platycnemie
Index
Dmax/Dmin
(R/L) (R/L) (RÆ) (RA)
1971-82-41 29.6/30.3 17.9/17.7 60.5/58.4 1.65/1.71
1971-82-63 29.5/31.4 21.4/23.5 72.5/74.8 1.38/1.34
1971-82-91 29.8/31.7 18.0/16.1 60.4/50.8 1.66/1.97
1971-82-111 29.0/29.4 20.9/19.4 72.1/66.0 1.39/1.52
1971-82-112 29.5/29.3 18.2/18.1 61.7/61.8 ^ 1.62/1.62
1971-82-114 30.7/32.0 21.2/22.1 69.1/69.1 1.45/1.45
Males
(n=8)
A-P diam. 
atNF
M-L diam. 
atNF
Platycnemie
Index
Dmax/Dmin
(RA) (RA) (RÆ.) (RÆ.)
1971-82-19 37.2/37.4 22.9/23.7 61.6/63.4 1.62/1.58
1971-82-34 -/32.7 -/20.0 -/61.2 -/1.64
1971-82-64 36.4/36.3 19.8/20.6 54.4/56.7 1.84/1.76
1971-82-98 33.8/- 19.4/- 57.4/- 1.74/-
1971-82-118 39.6/41.6 20.2/21.1 51.0/50.7 1.96/1.97
1971-82-132 37.0/37.7 21.6/20.1 58.4/53.3 1.71/1.88
1971-82-1386 -/30.3 -/21.7 -/71.6 -/1.40
1971-82-147 32.7/32.6 20.6/20.8 63.0/63.8 1.59/1.57
HISTORIC
Females
(n=3)
A-P diam. 
at NF
M-L diam. 
at NF
Platycnemie
Index
Dmax/Dmin
(RA) (RA) (RA) (RA)
1971-82-7 31.1/- 22.0/- 70.7/- 1.41/-
1971-82-11 29.6/29.9 20.5/19.3 69.3/64.5 1.44/1.55
1971-82-14 29.4/31.0 21.2/20.0 72.1/64.5 1.39/1.55
Males
(n=2)
A-P diam. 
atNF
M-L diam. 
atNF
Platycnemie
Index
Dmax/Dmin
(RA) (RA) (RA) (RA)
1971-82-1 29.3/29.3 18.2/18.4 62.1/62.8 1.61/1.59
1971-82-15 35.7/36.9 19.9/17.6 55.7/47.7 1.79/2.10
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PAA-KO PLATYCNEMIC INDICES
Hyperplatycnemic
Platycnemie 
Mesocnemic
Enrycnemic
□ Prehistoric (F) ■ Prehistoric (M) □ Historic (F) □ Historic (M)
Figure 20. Platycnemie indices of Paa-ko samples.
Lovejoy et al. (1976) used a method employed in engineering called Mohr’s 
circles to determine the biomechanical significance of platycnemie tibiae. “The Mohr’s 
circle is a graphical calculation of the variation in distribution of material in a cross- 
section and once inscribed permits the calculation of the maximum and minimum area 
moments of inertia for the figure,” (Lovejoy et a l, 1976, p. 495). Based on his findings, 
Lovejoy concluded that platycnemie tibiae are not weaker than eurycnemic or 
mesocnemic tibiae, but that the former were adapted for different mechanical stresses 
(1976). “Thus, among platycnemie tibias, anterior-posterior bending strength has 
increased at the expense of medio-lateral bending strength,” (Lovejoy et a l, 1976, p. 
500).
Greater bending strength in the anterior-posterior plane of the proximal tibia is a 
mechanical response to a lifestyle that involves a lot of long-distance walking, running.
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climbing and traversing over rough terrain (Ruff, 1987). The platycnemie results indicate 
that Paa-koan males, on average, had greater mechanical bending strength in the anterior- 
posterior plane of their tibiae than Paa-koan females. Analyses of the Dmax/Dmin ratio may 
help bolster this finding.
Prehistoric males and females do not differ significantly in mean Dmax/Dmin ratio 
(t= -1.90, df= 12) (Figure 21). The high mean for the male sample (1.69 ± 0.17) suggests 
that their tibiae are well adapted for mechanical loading in the anterior-posterior plane. 
These results are in accordance with those from the platycnemie indices, in which the 
male sample averaged in the platycnemie range.
Historic males and females differ significantly in mean Dmax/Dmin of the tibia at 
the level of the nutrient foramen and the percent difference between the sexes is very 
high (20.0%) (t= -4.32, df= 3). These results suggest that the Historic sexes were placing 
different types and/or amounts of mechanical loading on the tibia.
Prehistoric and Historic males (t= 0.08, df= 8), and Prehistoric and Historic 
females (t= 1.50, df= 7) do not differ significantly in the mean Dmax/Dmin ratio of the tibia. 
These results suggest that Historic males and females, which practiced a broad-based 
subsistence economy, were placing similar mechanical loadings on the tibia as Prehistoric 
males and females. It appears that tibial Dmax/Dmin ratios are ambiguous in populations 
that employed mixed eeonomies, and thus are inappropriate measurements for 
reconstructing activity patterns when subsistence practices are unknown.
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Figure 21. Prehistoric males and females do not differ significantly in the Dmax/Dmin 
ratio, although the percent difference between the sexes is high (10.0%). The Historic 
sexes differ significantly in the mechanical bending strength of the proximal tibia 
(percent difference is very high at 20.0%). Females and males over time do not differ 
significantly.
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Photo 17. Historic adult female #1971 -82-11. Right tibia (lateral). The platycnemie 
index is 69.3 and the Dmax/Dmin ratio is 1.44
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Photo 18. Medial view of right tibia from Prehistoric adult male #1971-82-64 (left) and 
Historic adult male #1971-82-1.
I l l
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Photo 19. Lateral view of right tibia of Prehistoric adult female #1971-82-112 (left) 
and Historic adult female #1971-82-14. The Prehistoric sample has a platycnemie index 
of 61.7 and the Historic sample has a value of 72.1, which falls in the platycnemie and 
eurycnemic ranges, respectively.
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Point Sal and Paa-ko Immatures 
External femoral dimensions of immature samples from Point Sal and Paa-ko 
(Prehistoric) were compared and analyzed to help determine if a relationship between 
skeletal maturation and trait flexibility exists.
The skeletal biology of immature bone is different than that of adult bone. Bones 
change in two ways during maturation; 1) mechanical properties of their material changes 
and 2) architectural properties of the whole bone changes (Currey, 2001). Immature bone, 
due to sparse mineralization, is more flexible than mature, adult bone. Thus, immature 
individuals have weaker bending strengths than adults.
It is important to consider the type of bone tissue under study when examining 
immature specimens. Woven bone, found in foetuses and young infants, has very poor 
mechanical properties. As bone develops, it becomes more compact and its mechanical 
integrity strengthens. Woven bone is replaced by fibrolamellar (plexiform or laminar) 
bone, which is found in children. This bone, although weaker than lamellar bone, is much 
stronger than woven bone (Currey, 2001). Fibrolamellar bone develops into lamellar 
bone during the late juvenile/early adolescence stage (Currey, 2001). As maturation 
continues, secondary or Haversian bone eventually replaces primary bone.
As bone cells model and re-model bone tissue, the mechanical and structural 
properties of the bone changes, depending on the bone tissue involved. Thus, “modeling 
allows not only the development of normal architecture during growth, but also the 
modulation of this architecture and mass when the mechanical condition changes,” (Jee, 
2001 p. 25). Therefore, external dimensions of immature bones will not only reflect 
environmental/mechanical adaptations, but they will also reflect ontogenetic changes.
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Femur Length
Femoral measurements are presented in Table 25. Femoral length is measured in 
order to assess the overall size of the femur. Point Sal and Paa-koan samples are expected 
to show similar variations in femoral length as modem immature individuals since 
femoral length, which corresponds to stature, is allometrically scaled with chronological 
age (van der Meulen et al, 1995).
Table 25. Immature Point Sal and Paa-ko Femoral Measurements.
POINT SAL
SDMM#
(n=3)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
(RA.) (RA.) (RA) (RA) (RA) (RA)
17868 344/345 62/62 19.1/19.7 17.1/17.2 15.9/15.4 24.2/24.7
18132 349/349 74/75 23.9/24.4 19.9/20.4 20.1/20.2 28.1/29.2
18274 308/302 60/58 18.4/18.3 17.4/17.2 15.9/15.3 21.7/21.8
CHILDHOOD: 3 YEARS-7 YEARS
SDMM#
(n=l)
Est. Age 
at Death
18132 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM#
(n=l)
Est. Age 
at Death
18274 8 +/- 24 mo
ADOLESCENCE: 11 YEARS-18 YEARS
SDMM#
(n=l)
Est. Age 
at Death
17868 15 +/- 36 mo
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PREHISTORIC PAA-KO
SDMM# 
(n= 13)
Max.
Length
Midsh.
Circ.
A-P at 
Midsh.
M-L at 
Midsh.
Subtroc. 
A-P diameter
Subtroch. 
M-L diameter
(IVL) (RA) (RA) (RA) (RA) (RA)
1971-82-39 327/327 71/72 22.5/22.3 19.9/20.5 20.0/19.7 25.8/25.6
1971-82-47 239/240 50/49 14.0/13.6 14.6/14.7 12.6/12.7 20.0/20.1
1971-82-48 186/187 42/41 12.0/11.3 12.5/12.4 12.8/11.8 15.0/14.7
1971-82-67 335/339 66/67 21.2/21.7 18.4/18.2 18.2/18.4 26.6/26.2
1971-82-93 -/112 -/32 -/7.8 -/8.9 -/8.5 -/12.0
1971-82-95 126/- 36/- 9.9/- 10.3/- 11.1/- 12.3/-
1971-82-97 -/251 -/51 -/15.3 -/14.4 -/15.0 -/20.6
1971-82-101 -/139 -/34 -/8.4 -/10.4 -/lO.O -/13.6
1971-82-124 156/153 37/38 8.9/9.0 11.5/11.5 10.1/- 13.2/-
1971-82-126 129/129 37/37 10.1/9.6 10.3/10.5 11.5/10.4 11.7/12.8
1971-82-135 -/147 -/36 -/9.2 -/10.4 -/10.5 -/14.1
1971-82-139 -/131 -/38 -/10.6 -/10.7 -/11.4 -/13.2
INFANT: BI]flTH-3 YEARS
SDMM#
(n=6)
Est. Age 
at Death
1971-82-93 1+/- 4 mo
1971-82-95 1.5 +/- 6 mo
1971-82-124 3 +/- 12 mo
1971-82-126 3 +/- 12 mo
1971-82-135 3 + /-12  mo
1971-82-139 2 +/- 8 mo
CHILDHOOD: 3 YEARS-7 YEARS
SDMM#
(n=3)
Est. Age 
at Death
1971-82-47 7 +/- 24 mo
1971-82-48 6 +/- 24 mo
1971-82-101 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM#
( n = l )
Est. Age 
at Death
1971-82-39 11 +/- 30 mo
ADOLESCENCE: 11 YEARS-18 YEARS
SDMM#
(n=2)
Est. Age 
at Death
1971-82-67 13 +!- 24 mo
1971-82-97 13+/- 24 mo
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The Point Sal sample clearly shows differences in femoral length among children, 
juveniles and adolescents (Figure 22). Individual #18132, a child, presents with strikingly 
long femora. This individual was aged very carefully, and it was concluded that #18132 
was indeed a child based on the fact that the maxillary first molar (M*) had just started to 
erupt and no other permanent teeth were present at the time of death. In addition, the 
development of the left os coxa, in which the ilium, ishium and pubis were not fused to 
each other and various ossification sites were just beginning to become active, suggest 
that this individual is indeed a child.
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Figure 22. All three samples have significantly different femoral lengths. Since only 
one individual represents each group, it is difficult determine a growth pattern for this 
sample.
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The immature Paa-ko sample shows an obvious trend in femoral length increasing 
with age (Figure 23). Juveniles and adolescents do not show significant differences in 
femoral length. It should be noted that the juvenile individual is estimated to have been 
between 9.6 to 13.6 years old. If this individual is actually at the older end of the 
estimated age range, then it is possible that he/she could have been experiencing the 
adolescent growth spurt at the time of death—that is if the growth curve of the Prehistoric 
Paa-koans is similar to that of modem U.S. populations.
Paa-ko Femoral Length
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Figure 23. Paa-ko immature femoral length.
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Point Sal and Paa-koan children do not have significantly different femoral 
lengths (t= 2.78, df= 2). The results may are probably subjected to sampling error since 
only one individual, with extraordinary long femora, represents the Point Sal sample.
There is no significant difference in mean femoral length between Point Sal and 
Paa-ko adolescent sub-samples (t= 0.70, df= 1). As previous studies have shown, 
femoral length is allometrically scaled with chronological age (van der Meulen et al, 
1995), thus the insignificant differences between Point Sal and Paa-koan age cohorts are 
expected.
Robusticity
Pearson has found that “the most significant differences in the indices of 
diaphyseal and epiphyseal robusticity are associated with climate and region of origin 
rather than with lifestyle,” (2000, p. 588). Point Sal is characterized by a Mediterranean 
climate (Carter, 1941), while Paa-ko is considered to be part of a semi-desert/arid 
grassland regime (Lambert, 1954). Thus, Point Sal and Paa-koan samples are expected to 
show differences in femoral robusticity more because of differences in ecological setting 
than mechanical activity.
Results from Point Sal samples are presented in Figure 24. Among the three age 
cohorts, it appears that the degree of robusticity decreases with increasing age, but these 
results are not definitive since sample sizes are very small.
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Table 26. Immature Point Sal and Paa-ko Femoral Robusticity.
POINT SAL 
CHILDHOOD: 3 YEARS-7 YEARS
SDMM#
(n=l)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age 
at Death
(R/L) (RA) (R/L) (R/L)
18132 23.9/24.4 19.9/20.4 349/349 12.6/12.8 6 +/- 24 mo
JUVENLE: 7 YEARS-11 YEARS
SDMM# 
(n= 1)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age 
at Death
(RA) (RA) (RA) (RA)
18274 18.4/18.3 17.4/17.2 308/302 11.6/11.8 8 +/- 24 mo
ADOLESICENCE: 11 YEARS-18 YEARS
SDMM# 
(n= 1)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age at 
Death
(RA) (RA) (RA) (RA)
17868 19.1/19.7 17.1/17.2 344/345 10.5/10.7 15 +/- 36 mo
PAA-KO 
INFANT: BlRTH-3 Y1iARS
SDMM# 
(n= 6)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age at 
Death
(RA) (RA) (RA) (RA)
1971-82-93 -/7.8 -/8.9 -/112 -/15.0 1+/- 4 mo
1971-82-95 9.9/- 10.3/- 126/- 16.0/- 1.5 +/- 6 mo
1971-82-124 8.9/9.0 11.5/11.5 156/153 13.1/13.4 3 + /-12  mo
1971-82-126 10.1/9.6 10.3/10.5 129/129 15.8/15.6 3 + /-12  mo
1971-82-135 -/9.2 -/10.4 -/147 -/13.3 3 + /-12  mo
1971-82-139 -/10.6 -/10.7 -/131 -/16.3 2 +/- 8 mo
CHILDHOOD: 3 YEARS-7 YEARS
SDMM# 
(n= 3)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age at 
Death
(RA) (RA) (RA) (RA)
1971-82-47 14.0/13.6 14.6/14.7 237/237 12.1/11.9 7 +/- 24 mo
1971-82-48 12.0/11.3 12.5/12.4 186/187 13.2/12.7 6 +/- 24 mo
1971-82-101 -/8.4 -/10.4 -/139 -/13.5 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM# 
(n= 1)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age at 
Death
(RA) (RA) (RA) (RA)
1971-82-39 22.5/22.3 19.9/20.5 327/327 13.0/13.1 11 +/- 30 mo
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ADOLESCENCE; 11 YEARS-18 YEARS
SDMM#
(n=2)
A-P at 
Midshaft
M-L at 
Midshaft
Bicondylar
Length
Robusticity Est. Age at 
Death
(RA) (RA) (RA) (RA)
1971-82-67 21.2/21.7 18.4/18.2 335/339 11.8/11.8 13+/- 24 mo
1971-82-97 -/15.3 -/14.4 -/251 -/11.8 13+/- 24 mo
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POINT SAL IMMATURE FEMORAL 
ROBUSTICITY
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Figure 24. Femoral robusticity of Point Sal and Paa-ko immature samples.
Femoral robusticity values from the Paa-ko samples are presented in Figure 25. A 
striking result is the high degree of robusticity for the Paa-ko infant sub-group. Since 
infancy is a time of decelerated growth (Bogin, 1999), the results suggest that robusticity 
may already be in place before limb size “catches-up”. Since the mechanical properties of 
infant primary bone are very weak, perhaps increased robusticity helps to reinforce 
skeletal integrity, especially since infants place a great amount of body weight on their 
femora (i.e. crawling).
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Point Sal and Paa-ko children do not differ significantly in mean femoral 
robusticity (t= -0.35, df= 2). Mean femoral length for the Point Sal sample is 349 ± 0 (n=
1) and 188 ± 50.0 («= 3) for the Paa-ko sample, which appears significantly different but 
was found not to be most likely because of sample size. Yet, mean robusticity values are
12.6 ± 0 and 12.9 ± .74, respectively. In addition, although the Point Sal sample is only 
represented by one individual, his/her robusticity value exceeds that of the mean for 
Stratum 111 adult females, while the Paa-ko children mean exceeds that of both 
Prehistoric adult males and females. Thus, it appears that Paa-koan children have 
relatively robust femora.
The Paa-ko juvenile displays greater femoral robusticity than the Point Sal 
juvenile (13.0 ± 0 and 11.9 ± 0, respectively) but since only one individual represents 
each sample it is difficult to draw conclusions. The Point Sal juvenile has a robusticity 
value similar to the Stratum 111 adult female mean (12.1 ± 0.25), while the Paa-ko 
juvenile has a value similar to the Prehistoric adult male mean (12.6 ± 0.98).
Point Sal and Paa-ko adolescents have the lowest robusticity value among 
immature age cohorts from their respected populations (10.5 ± 0 and 11.8 ± 0, 
respectively). The Point Sal adolescent has a femoral length of 344 mm and an estimated 
body weight of 48.5 kg. The Point Sal juvenile has the shortest femoral length of the 
immature Point Sal group (308 mm) and lightest estimated body weight (43.8 kg), yet the 
juvenile robusticity value (11.9) exceeds that of the adolescent (10.5).
The Paa-ko adolescent sample has a mean femoral length of 293 mm and a mean 
estimated body weight of 41.9 kg. The Paa-ko juvenile has a femoral length of 327 mm 
and an estimated body weight of 46.3 kg. Thus, it is expected, as the results show, that
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the juvenile will have more robust femora simply because of greater overall body size. 
However, Paa-ko infants and children have mean femoral lengths of 134 mm and 188 
mm, respectively, and mean estimated body weights of 21.0 kg and 28.1 kg, respectively. 
Despite having a diminutive body size to the Paa-ko adolescent sample, the infant and 
children samples have greater mean femoral robusticity values (14.9 and 12.9, 
respectively) than the adolescent sample Therefore, body proportions (i.e. estimated 
stature and weight) do not appear to correspond well with femoral robusticity among 
immature age cohorts.
Paa-ko Femoral Robusticity
17.00-
16,00-
15.00
o  14.00-
lo  13.00- o>
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Infants Children Ju v en ile s A d o lescen ts
Group
Figure 25. Femoral robusticity values of Prehistoric Paa-ko immature sub-groups.
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Photos 20-22 (clockwise from top left): 
The Point Sal adolescent #17868 presents 
with the least robusticity value (10.5 and
10.7 for the right and left femur, 
respectively). Robusticity is higher in the 
children sample 12.9 +/- 0.74 (photo 
depicts Paa-ko #1971-82-47). The infant 
samples preens with the greatest degree 
of femoral robusticity (14.9 +/-1.4) (photo 
depicts Paa-ko infant).
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Platymeria and the Subtrochanteric Dmax/Dmin Ratio 
Platymeric indices are presented in Table 27. All Point Sal immature sub-groups 
have platymeric indices within the range of platymeria as defined by Bass (1995) (Figure 
26).
POINT SAL IMMATURE PLATYMERIC 
INDICES
1 2
□ Children
x= 71.5 5= O
□ Juveniles 
X- 73.3 5- O
B Adotescents
x= 65.7 5= 0
sam ples
Figure 26. There are no significant differences in the degree of platymeria among the 
three immature sub-groups.
All four Paa-ko immature sub-groups have mean platymeric indices within the 
range of platymeria, and there are no significant differences in the degree of platymeria 
among the groups except between infants and adolescents (Figure 27). Proximal femoral 
diaphyseal shape is consistently platymeric fi-om childhood to adolescence in both the 
Point Sal and Paa-ko samples. In addition, within age cohort comparisons do not differ 
significantly. These results are expected since the pelvis, whose dimensions strongly
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Table 27. Point Sal and Paa-ko Immature Platymeric Indices.
POINT SAL 
CHILDHOOD; 3 YEARS-7 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
Est. Age at 
Death
(R/L) (RÆ) (RÆ.)
18132 20.1/20.2 28.1/29.2 71.5/69.2 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
Est. Age at 
Death
(R/L) (R/L) (RA.)
18274 15.9/15.3 21.7/21.8 73.3/70.2 8 +/- 24 mo
ADOLESCENCE: 11 YEARS-18 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
Est. Age at 
Death
(R/L) (RÆ) (RA.)
17868 15.9/15.4 24.2/24.7 65.7/62.3 15 +/- 36 mo
INFAN'
PAA-KO 
F: BIRTH- 3 YEARS
SDMM#
(n=6)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
Est. Age at 
Death
(RÆ.) (RA.) (RA.)
1971-82-93 -/8.5 -/12.0 -/70.8 1+/- 4 mo
1971-82-95 11.1/- 12.3/- 90.2/- 1.5 +/- 6 mo
1971-82-124 10.1/- 13.2/- 76.5/- 3 + /-12  mo
1971-82-126 11.5/10.4 11.7/12.8 98.3/81.2 3 + /-12  mo
1971-82-135 -/10.5 -/14.1 -774.5 3 + /-12  mo
1971-82-139 -/11.4 -/13.2 -/86.4 2 +/- 8 mo
CHILDHOOD: 3 YEARS-7 YEARS
SDMM#
(n=3)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
Est. Age at 
Death
(R/L) (RA.) (RA.)
1971-82-47 12.6/12.7 20.0/20.1 63.0/63.2 7 +/- 24 mo
1971-82-48 12.8/11.8 15.0/14.7 85.3/80.3 6 +/- 24 mo
1971-82-101 -/lO.O -/13.6 -/73.5 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtroehanteric 
M-L diameter
Platymerie
Index
Est. Age at 
Death
(RA.) (RA.) (RA.)
1971-82-39 20.0/19.7 25.8/25.6 77.5/77.0 11 +/- 30 mo
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ADOLESCENCE; 11 YEARS-18 YEARS
SDMM#
(n=2)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Platymeric
Index
Est. Age at 
Death
(R /L ) (R /L ) (R Æ )
19 7 1 -8 2 -6 7 18 .2 /18 .4 2 6 .6 /2 6 .2 6 8 .4 /7 0 .2 13 + /-  2 4  m o
1 9 7 1 -82 -97 -/1 5 .0 -/2 0 .6 -/7 2 .8 13 + /-  2 4  m o
Paa-ko Platymeric Indices
110.00 -
100.00 -
9 0 .0 0 -
o
I 8 0 .0 0 -
ü
^  7 0 .0 0 -
s
6 0 .0 0 -
5 0 .0 0 -
4 0 .0 0 -
Infants Children Juven iles A d o lescen ts
Group
Figure 27. Paa-ko immature platymeric index.
influence proximal femoral shape, follows its own slow pattern of growth and has no 
bearing on femoral growth (Bogin, 1999).
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The subtrochanteric Dmax/Dmin ratios are presented in Table 28. The Point Sal 
child and juvenile have similar Dmax/Dmin ratios, hut the adolescent clearly presents with a 
ratio indicating greater bending strength in the medial-lateral plane rather than in the 
anterior-posterior plane than either the child or juvenile samples (Figure 28). This ratio 
explains the very low platymeric index (65.7) of this individual. The results suggest that 
adolescents have a greater distribution of bone in the medial-lateral plane of the 
subtrochanteric region, perhaps in response to changing pelvic dimensions.
POINT SAL IMMATURE
sam ples
□ Children
x= 1.40 s= O
B Juveniles
x= 1.36 5= 0
B Adolescents
x= 1.52 0
Figure 28. Point Sal immature sub-groups do not differ significantly in the Dmax/Dn 
ratio.
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Table 28. Point Sal and Paa-ko Immature Subtrochanteric Dmax/Dmin Ratios.
POINT SAL 
CHILDHOOD; 3 YEARS-7 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
D m ax/D m in
Ratio
Est. Age at 
Death
(RÆ) (RT.) (RA)
18132 20.1/20.2 28.1/29.2 1.40/1.45 6 +/- 24 mo
JUYEl I^LE; 7 YEARS-11 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
D m ax/D m in
Ratio
Est. Age at 
Death
(R/L) (R/L) (R/L)
18274 15.9/15.3 21.7/21.8 1.36/1.42 8 +/- 24 mo.
ADOLESCENCE; 11 YEARS-18 YEARS
SDMM#
(n=l)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
D m ax/D m in
Ratio
Est. Age at 
Death
(R/L) (RA) (R/L)
17868 15.9/15.4 24.2/24.7 1.52/1.60 15 +/- 36 mo
PAA-KO 
INFANT; BIRTH-3 Y]EARS
SDMM#
(n=6)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
D m ax/D m in
Ratio
Est. Age at 
Death
(RA) (RJL) (RA)
1971-82-93 -/8.5 -/12.0 -/1.41 1+/- 4 mo
1971-82-95 11.1/- 12.3/- 1.11/- 1.5 +/- 6 mo
1971-82-124 10.1/- 13.2/- 1.31/- 3 + /-12  mo
1971-82-126 11.5/10.4 11.7/12.8 1.02/1.23 3 +/- 12 mo
1971-82-135 -/10.5 -/14.1 -/1.34 3 +/- 12 mo
1971-82-139 -/11.4 -/13.2 -/1.16 2 +/- 8 mo
CHILDHOOD; 3 YEARS-7 YEARS
SDMM#
(n=3)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
D m ax/D m in
Ratio
Est. Age at 
Death
(RA) (RA) (RA)
1971-82-47 12.6/12.7 20.0/20.1 1.59/1.58 7 +/- 24 mo
1971-82-48 12.8/11.8 15.0/14.7 1.17/1.25 6 +/- 24 mo
1971-82-101 -/10.0 -/13.6 -/1.36 6 +/- 24 mo
JUVENIL]E; 7  YEARS-11 YEARS
SDMM# Subtrochanteric Subtrochanteric Dmax/Dmin Est. Age at
(n=l) A-P diameter M-L diameter Ratio Death
(RA) (RA) (RA)
1971-82-39 20.0/19.7 25.8/25.6 1.29/1.30 11 +/- 30 mo
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ADOLESCENCE: 11 YEARS-18 YEARS
SDMM#
(n=2)
Subtrochanteric 
A-P diameter
Subtrochanteric 
M-L diameter
Dniax/Dmin
Ratio
Est. Age at 
Death
(RA) (R/L) (R/L)
1971-82-67 18.2/18.4 26.6/26.2 1.46/1.42 13 +/- 24 mo
1971-82-97 -/15.0 -/20.6 -/1.37 13+/- 24 mo
Paa-ko immature Dmax/Dmin ratios are presented in Figure 29. Infants have the 
lowest mean ratio (1.23 ± 0.15), which indicates that the difference in bending strength in 
the medial-lateral plane and anterior-posterior plane is small. This supports the findings 
from the platymeric analysis in which the infant sample had a mean platymeric index of
82.8 ± 10.6, which is at the high end of Bass’s (1995) platymeric range (%- 84.9). Thus, 
the proximal femoral diaphyses of Paa-ko infants do not overwhelmingly display a 
greater amount of bone distribution in one plane over the other. This is to be expected for 
several reasons: 1) infants have woven bone, which has very weak mechanical properties,
2) infants, whether crawling or being held, place little mechanical loads on their proximal 
femora, and, 3) the infant pelvis is poorly developed and thus is probably not influencing 
the proximal femur.
As is the case with Point Sal adolescents, Paa-ko adolescents have the highest 
ratio. This indicates that adolescents have the greatest difference between the medial- 
lateral diameter and anterior-posterior diameter. However, since the adolescent mean is 
not significantly different from the means of the other samples, it is difficult to determine 
if these results imply that the proximal femoral diaphysis may begin to respond to the 
mechanical demands placed on it by the pelvis during the adolescent stage, or if the 
results are due to small sizes
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Paa-ko Dmax/Dmin Ratio
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Figure 29. There are no significant differences in Dmax/Dmin ratios among Paa-ko 
immature sub-groups. However, these results may be due to small sample size.
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Photo 23 (top): Prehistoric Paa-ko infant #1971-82-135. Left femur (anterior).
Photo 24 (bottom): Prehistoric Paa-ko infant #1971-82-139. Left femur (anterior). Both 
femora present with relatively circular diaphyses from the subtrochanteric area to the 
midshaft.
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Photo 25. Point Sal adolescent #17868. Lateral view of right proximal femur depicting 
anterior-posterior diameter in the subtrochanteric region (Dmax/Dmin ratio = 1.52).
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Pilasteric Indices
Pilasteric indices are presented in Table 29. Results from the Point Sal immature 
sub-groups are presented in (Figure 30). Children have the greatest ratio, but because a 
posterior pilaster is absent this ratio merely indicates that this individual has a broad 
anterior-posterior midshaft diameter relative to the medial-lateral diameter. Although the 
pilasteric ratio of this child is very high (i.e. greater than the Stratum I male. Stratum II 
and III female adult means), it is not unexpected since the robusticity value for this 
individual was also greater than average (12.6). It would be interesting to X-ray this 
specimen to see if the medullary cavity is of normal size and the cortex is thickened, if 
the medullary cavity is abnormally narrow and the cortex is thickened, or if the medullary 
cavity is abnormally wide and the cortex is normal or thin.
Results from the Paa-ko samples are presented in (Figure 31). The infant and 
children samples have mean ratios less than 1.0, which indicate that their femoral 
midshafts have slightly greater bone distribution in the medial-lateral plane rather than in 
the anterior-posterior plane. These results are expected because infants and children have 
poorly developed linea aspera and lack a pilaster on the posterior surface of the femur.
Thus, the absence of these two anatomical traits contributes to the diminished 
anterior-posterior diameter in the femora of infants and children. In addition, the type of 
bone tissue found in infants (woven) and children (fibrolamellar) has poor mechanical 
properties. Therefore, regardless of the type of mechanical loadings placed around the 
knee joint infants and children have bone tissues that are not conducive for responding to 
mechanical demands.
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Table 29. Point Sal and Paa-ko Immature Pilasteric Indices.
POINT SAL 
CHILDHOOD: 3 YEARS-7 YEARS
SDMM#
(n= l)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/Dmi Est. Age at 
Death
(RA) (RA) (RA)
18132 23.9/24.4 19.9/20.4 1.20/1.20 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM#
(n = l)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/Dgil Est. Age at 
Death
(R/L) (RA) (RA)
18274 18.4/18.3 17.4/17.2 1.06/1.06 8 +/- 24 mo
ADOLESCENCE: 11 YEARS-18 YEARS
SDMM#
(n= l)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/Dml Est. Age at 
Death
(RA) (RA) (RA)
17868 19.1/19.7 17.1/17.2 1.12/1.15 15 +/- 36 mo
PAA-KO
[NEANT: BIRTH-3 YEARS
SDMM#
(n=6)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/D nil Est. Age at 
Death
(RA) (RA) (RA)
1971-82-93 -/7.8 -/8.9 -/0.88 1+/- 4 mo
1971-82-95 9.9/- 10.3/- 0.96/- 1.5 +/- 6 mo
1971-82-124 8.9/9.0 11.5/11.5 0.77/0.78 3 +/- 12 mo
1971-82-126 10.1/9.6 10.3/10.5 0.98/0.91 3 + /-12  mo
1971-82-135 -192 -/10.4 -/0.88 3 + /-12  mo
1971-82-139 -/10.6 -/10.7 -/0.99 2 +/- 8 mo
CHILDHOOD: 3 YEARS-7 YEARS
SDMM#
(n=3)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/Dml Est. Age at 
Death
(RA) (RA) (RA)
1971-82-47 14.0/13.6 14.6/14.7 0.96/0.93 7 +/- 24 mo
1971-82-48 12.0/11.3 12.5/12.4 0.96/0.91 6 +/- 24 mo
1971-82-101 -/8.4 -/10.4 -/0.81 6 +/- 24 mo
JUVENILE: 7 YEARS-11 YEARS
SDMM#
(n = l)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/Dml Est. Age at 
Death
(RA) (RA) (RA)
1971-82-39 22.5/22.3 19.9/20.5 1.13/1.09 11 +/- 30 mo
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ADOLESCENCE: 11 YEARS-18 YEARS
SDMM#
(n=2)
A-P at 
Midshaft
M-L at 
Midshaft
Dap/Dml Est. Age at 
Death
(RA) (RA) (RA)
1971-82-67 21.2/21.7 18.4/18.2 1.15/1.19 13 +/- 24 mo
1971-82-97 -/15.3 -/14.4 -/1.06 13+/- 24 mo
POINT SAL PILASTERIC INDICES
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Figure 30. Mean pilasteric indices are significantly different among children, juvenile 
and adolescent sub-groups.
Juvenile and adolescents have indices that indicate a greater distribution of bone 
in the anterior-posterior plane relative to the medial-lateral plane (1.13 ± 0 and 1.11 ± 
0.06, respectively). However, because the pilaster is not yet developed, these results 
merely reflect the general shape of the midshaft femur at the section of measurement. 
Both groups have values greater than the Prehistoric adult female mean (1.03 ± 0.09), but 
comparable to the Prehistoric adult male mean (1.15 ± 0.13).
Within sub-group comparisons were made in order to illuminate differences
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between various age cohorts. Point Sal and Paa-ko children have significantly different 
mean pilasteric indices (t= 2.90, df= 2). These results may reflect error not only due to 
sample size, but also due to the fact that the Point Sal individual has an unusually great 
value.
Paa-ko Pilasteric Ratio
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Figure 31. Paa-ko immature pilasteric indices.
The pilasteric indices of the Point Sal and Paa-ko juvenile samples are 1.06 ± 0 
and 1.13 ± 0, respectively. The mean pilasteric indices of Point Sal and Paa-ko adolescent
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samples are not significantly different (t= 0.13, df= 1). Among Paa-ko sub-samples it 
appears that the external anterior-posterior diameter of the midshaft femur increases with 
increasing age, but not to any significant level.
Photo 26. Paa-ko child #1971-82-47. Right femur depicting relatively circular 
diaphysis. Pilasteric value is 0.96 (medial view).
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CHAPTER4
DISCUSSION AND CONCLUSION 
Mechanics
The archaeological record indicates that subsistence practices did not significantly 
change between 70 to 660 CE at Point Sal. The Chumash continued to rely on costal and 
interior resources, and incorporated hunting, foraging and gathering strategies into their 
subsistence economy. Biomechanical analyses from the femora and tibiae of Point Sal 
samples support this conclusion.
Mean pilasteric indices of Stratum I and III males, and Stratum II and III females 
do not differ significantly, which suggests that males and females over time were placing 
similar types of mechanical loadings and strain around the knee joint. These results, 
however, cannot be used to determine if activities between the two male sub-samples and 
two female sub-samples were the same. Mean pilasteric indices were not significantly 
different between Stratum III males and females, which indicate that the sexes were 
placing similar types and/or amounts of mechanical loading and strains around the knee 
joint. These results suggest that a division of labor based on sex was probably not 
practiced by the Point Sal Chumash between 540 to 660 CE.
The tibial Dmax/Dmin ratio at the level of the nutrient foramen is the analog to the 
pilasteric index. There is an insignificant difference between Stratum II and III female 
means, but there is a significant difference between Stratum II and III male means.
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There is a positive correlation between bone length and strength (Lovejoy et al., 1976, 
Guo, 2001). However, mean tibial length is not significantly different between the two 
male samples, but the Dmax/Dmin analyses indicate that Stratum III males have 
significantly greater bending strength in the tibial anterior-posterior diameter than 
Stratum II males. The mean ratio for Stratum I males (1.61 ± 0.17) is not significantly 
different from the means of Stratum II or Stratum III males (t= 0.58, dt= 3, and t= -2.53, 
df= 4, respectively).
These results suggest that the degree of platycnemia is a flexible trait that can 
potentially change within a short period of time (i.e. Stratum I mean is platycnémie. 
Stratum II mean in mesocnemic, and Stratum III mean is hyperplatycnemic). In addition, 
the mechanical strength of the tibia at the level of the nutrient foramen does not reflect 
expected activity levels associated with known subsistence practices. This is because the 
subsistence economy did not change at Point Sal during the time span studied, yet 
Stratum I, II and III male Dmax/Dmin means are inconsistent, which indicates that the 
males from each sample had tibiae that were adapted for different types of mechanical 
loading. Thus, it is suggested that platycnemia and proximal tibial bending strength is 
influenced by more than activity-related mechanical stresses and strains.
Pilasteric assessments on the San Nicolas samples indicate that the types of 
mechanical loadings and strains placed around the knee joint did not differ among males 
and females between 500 BCE to 1500 CE. In addition. Middle Canalino males and 
females, and Late Canalino males and females do not differ significantly in the degree of 
the pilaster, which suggests that this is not sexually dimorphic trait among the Canalino.
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The mean pilasteric indices of Prehistoric and Historic males, and Prehistoric and 
Historic females are not significantly different. These results suggest that although the 
Historic period is associated with increased agricultural practices and consequently more 
sedentism. Historic male and female femora are adapted to similar mechanical loading 
regimes as their Prehistoric counterparts. Thus, Historic males and females may not have 
been as sedentary as would be expected from a population placing increasing reliance on 
agriculture, and Prehistoric Paa-koans were not as mobile as other hunting, foraging and 
gathering populations.
Prehistoric males and females, and Historic males and females do not differ 
significantly in mean pilasteric indices, which suggest that the pilaster is not a sexually 
dimorphic trait. This finding is consistent among all three adult population samples.
It has been suggested that gender roles were redefined during the Pueblo IV period 
(Spielmann, 1998), but since mechanical assessments of the femur do not indicate any 
difference in mechanical loading between Prehistoric males and females it is suggested 
that although roles may have been different, activity levels effecting the femur were quite 
similar.
Robusticity
Many researchers have discussed the proximate and ultimate causes of variation 
in limb robusticity (Collier, 1989; Pearson, 2000; Ruff et al, 1991; Ruff et al, 1993a; 
Trinkaus, 1997). The emerging picture is one that incorporates both genetically inherited 
and environmentally induced factors to explain differences in limb robusticity between 
and within populations (Pearson, 2000).
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Climate is the strongest factor in influencing ecogeographic variation in limb 
robusticity (Trinkaus 1997; Holliday, 1998; Pearson 2000). Since climate was stable in 
each of the three geographic locations over the time periods studied, it is proposed that 
within population differences in adult lower limb robusticity are the result of differences 
in mechanical loading, technology and/or body weight.
Stratum III females have a significantly lower mean femoral robusticity value 
than Stratum II females despite insignificant differences in femoral length and estimated 
body weight between the two samples. Although it seems fitting to suggest that 
differences in robusticity are therefore due to differences in mechanical loading, analyses 
of the pilaster do not support this claim. In addition, mean tibial robusticity between the 
two samples is not significantly different.
The Stratum III sexes do not differ significantly in mean femoral or tibial 
robusticity values. Estimated mean body weight, femoral and tibial lengths are not 
significantly different. The consistency of the results suggests that lower limb robusticity 
is not a sexually dimorphic trait between the Stratum III sexes. However, this may not be 
true for the Stratum II sexes. Although mean tibial robusticity values are not significantly 
different, the percent difference between the sexes is very high (20.0%).
Mean femoral robusticity values for the Middle and Late Canalino inter-sex and 
intra-sex comparisons are not significantly different, and the percent differences between 
the sexes are very low (1.59 % for the Middle Canalino, and 0.80% for the Late 
Canalino). These results clearly indicate that robusticity is not a sexually dimorphic trait 
between the Canalino sexes. More importantly, the results suggest that the flexibility of 
femoral robusmess may be constrained in island populations. This implication is further
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substantiated by the fact that the Middle and Late Canalino sexes differ significantly in 
mean femoral length and estimated mean body weight, which would imply that femoral 
robusticity would also differ significantly, or at least the percent difference between the 
sexes would be higher than what the results demonstrate. The ability of a trait to display 
flexibility is inherently genetic, but the degree of expression is strongly related to non- 
genetic factors. In addition to Pearson’s (2000) suggestions, it is proposed that 
geographic constraint may be another influencing factor in femoral robustness. Further 
research on ecogeographically diverse island populations is needed to validate this 
proposal.
Another explanation to account for the insignificant differences in mean femoral 
robusticity between the Canalino sexes may be attributed to the extensive use of the plank 
canoe, which was refined over the years and became a reliable ocean-going vessel 
between 800 CE-1000 CE (McCawley, 2002). Since maneuvering a canoe requires 
greater strength in the upper rather than lower limbs, it is possible that similar lower limb 
robustness in the sexes can be accredited to equal access to this technological innovation. 
Mechanical assessments and robusticity analyses of the upper limbs, specifically of the 
humerus, are needed to bolster this argument.
Inter-sex comparisons of lower limb robusticity in the Prehistoric and Historic 
Paa-ko populations indicate that robusticity is not a sexually dimorphic trait between the 
Prehistoric sexes (based on the femur and tibia), but it is between the Historic sexes 
(based on the femur). Mean femoral and tibial length, and estimated mean body weight 
are significantly different between the Prehistoric sexes, but the mean femoral and tibial 
robusticity values are not significantly different. Conversely, the Historic sexes do not
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differ significantly in mean femoral length or estimated mean body weight, yet mean 
femoral robusticity is significantly different. It appears that proximate factors that 
influence limb robustness (i.e. climate, technology, mechanical strain and stress, activity) 
(Pearson, 2000) are variable between the Historic sexes in such a degree as to elicit 
significant differences in femoral robustness. Clearly, the influences of elimate and 
teehnology are identical between the samples, thus the results indicate that activity and 
the mechanical loading environment of the femur are dissimilar between the Historic 
sexes. These results suggest that sexual division of labor was probably more intense 
during the Historic than it was during the Prehistoric. On a broader scheme, femoral 
robusticity may be a highly flexibility trait between sexes in populations practicing mixed 
economies, and in such populations differences in body proportions between the sexes 
may be of negligible importance in influencing femoral robustness.
Platymeria
The shape of the proximal femoral diaphysis is influenced by other skeletal traits, 
most notably pelvic aperture shape and femoral neck length, as well as by relative body 
breadth, which varies according to ecogeographic dines (Trinkaus et al, 1999b). In a 
previous study on differences in femoral diaphyseal shape among Early, Middle and Late 
Archaic Homo samples, Trinkaus et al concluded that (1999b, p.388):
[I]t is unclear whether the trend toward rounder proximal femoral 
diaphyses through later archaic Homo [samples include 
Neandertals sensu lato and Eurasian early modem humans] was the 
result of changing load patterns in this region from trends in pelvic 
aperture shape, or was a combination of such aperture changes
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combined with ecogeographically influenced patterning in pelvic 
breadth.
The femoral head articulates with the pelvis at the aeetabulum, and actions at this 
joint include “medial and lateral rotation, abduction, adduction, flexion and extension,” 
(White, 1991, p. 221). Similar actions around the knee joint (i.e. flexion and extension) 
can affect the external diameters of the femoral midshaft, which is measured by the 
pilasteric index (Dap/Dmi) (Ruff, 198, Ruff et al, 1992, Lieberman, 1997). Since 
platymeria has been found in high frequency among individuals who habitually 
participate in “squatting posture” activities (Içcan and Kennedy, 1989), or who walk long 
distances (Ruff, 2000a), it is reasonable to suggest that mechanical actions around the hip 
joint are capable of influencing proximal femoral diaphyseal shape much like the 
relationship between activities of the knee joint and femoral midshaft dimensions.
Since the sample populations in the present study are from similar latitudes, 
variation in pelvic breadth due to ecogeographic differences is negligible. The pelves 
were not examined so it is not possible to determine if changes in pelvic aperture shape 
occurred between samples from different time periods. However, this is highly unlikely 
since the samples from each population do not span of over great enough time for such 
evolutionary changes to take place. Thus, changing load patterns in the proximal femur 
due to trends in pelvic aperture shape are improbable. Therefore, it is postulated that the 
degree of platymeria in the samples is due to varied mechanical activities in the hip joint.
Point Sal Stratum II and III females. Stratum I and III males present with mean 
platymerie indices within the range of platymeria. In addition, the female samples have a 
higher degree of platymeria (i.e. a lower platymerie index) than the male samples, which
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supports Trinkaus et al. ’s suggestion that platymerie femora reflect “the biomechanical 
loads imposed [on the femur] from long femoral necks and platypelloid pelves,” (1999b., 
p.384) (i.e. females typically have wider pelvic breadths than males for obstetrical 
purposes). This occurrence is also found between the Prehistoric and Historic Paa-ko 
sexes, but not between the Middle and Late Canalino sexes. However, femoral neck 
length, which was not measured in any of the samples, may account for this discrepancy.
The mechanical bending strength of the proximal femur (i.e. the Dmax/Dmin ratio) 
is not significantly different between Stratum II and III females. Stratum I and III males, 
or between the Stratum III sexes, which may explain why all Point Sal samples have, on 
average, platymerie femora. This observation is also found between the Middle and Late 
Canalino sexes, and the Prehistoric and Historic Paa-ko sexes.
These results merely demonstrate that femora falling within the range of 
platymeria have similar mechanical bending strengths. However, to determine if 
mechanical activities around the hip joint contribute to proximal femoral diaphyseal 
shape, it is necessary to look at mechanical bending strength in the midshafr femur, which 
is highly influenced by activities surrounding the knee joints, and to assumed that activity 
levels endured by the knee joint are also endured by the hip joint (i.e. use of both joints 
when running, walking, climbing, etc.).
Point Sal Stratum II and III females. Stratum I and III males, and the Stratum III 
sexes do not differ significantly in mean pilasteric index, as is the case wdth the mean 
Dmax/Dmin ratio. This same pattern is also found between Middle and Late Canalino 
females. Middle and Late Canalino males, and the Middle and Late Canalino sexes, and
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between Prehistoric and Historic Paa-ko females. Prehistoric and Historic males, and the 
Prehistoric and Historic sexes.
The results from all three populations indicate that the degree of platymeria, when 
changing load patterns in the proximal femur due to trends in pelvic aperture shape are 
controlled or negligible, is influenced by mechanical stresses presumably around the hip 
joint, which may be associated with mechanical stresses surrounding the knee joint. Thus, 
in addition to pelvic shape and femoral neck length it is suggested that meehanieal 
loading around the hip joint may be another factor that influences proximal femoral 
diaphyseal shape. Future studies on non-human primates that place differing degrees of 
mechanical loading on the hip joint (i.e. terrestrial versus arboreal species) can be 
conducted to further investigate the validity of this suggestion.
Immatures
At each stage in human growth and development, the skeleton is adapted for the 
needs of the body (Currey, 1984; 2001). For example, in infants and children, locomotory 
efficiency is not as important as it is in adults. Since younger individuals tend to fall a lot, 
bones that do not break easily are more important than stiff bones for carrying body mass 
(Currey, 2001). Therefore, it is advantageous for immature bones to be resistant to 
impact.
In addition, the mechanical properties of a bone are not determined by its size, but 
by its material constituents (Currey, 2001; Jee, 2001). Thus, differences in mechanical 
adaptation among immature age cohorts are a function of bone tissue type and activity 
patterns. Finally, the growth of immature bones during early skeletogenesis is controlled
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by intrinsic genetic factors, but “this control gradually weakens and becomes negligible 
in the latter half of maturation,” (van der Meulen et al, 1995, p. 324). Therefore, it is 
assumed that differences between Point Sal and Paa-ko juveniles and especially 
adolescents are primarily due to extrinsic factors.
The posterior pilaster is absent in young individuals, so the pilasteric index is 
simply a measure of femoral midshaft circumference. The index can be used to describe 
the general shape of the femoral midshaft at the section of measurement. Ratios higher 
than 1.0 indicate a greater anterior-posterior diameter, ratios less than 1.0 indicate a 
greater medial-lateral diameter, and ratios close to or equivalent to 1.0 indicate practical 
circularity.
Mean pilasteric indices are not significantly different between Paa-ko infants and 
children, children and juveniles, juveniles and adolescents, or children and adolescents. 
These results suggest that femoral midshaft diaphyseal shape, a flexible trait among 
adults, may not be as flexible among immature age cohorts, and does not, by itself, 
follow a pattern of growth in width that can be correlated with different stages in human 
maturation.
There is a significant difference in mean pilasteric indices between the Point Sal 
and Paa-koan children samples, but it is likely that the Point Sal individual is an outlier. 
This is suggested because the mean pilasteric index for this child is 1.20 ± 0, which is 
high even for an adult.
The Point Sal and Paa-ko adolescent samples do not differ significantly in mean 
pilasteric indices. Physical terrain and subsistence economies are different between these 
populations, yet adolescents have similar mean pilasteric indices. These results further
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substantiate the claim that midshaft femoral diaphyseal shape is hardly flexible among 
immature individuals. In addition, mechanical loading on the femur does not appear to 
have an influence on adolescents.
Limb robusticity in immature individuals has not been extensively examined, but 
it is known that in young individuals, as in adults, there is both a genetie and 
environmental component that determines the robustness of the limbs. However, with 
continuing maturation environmental factors become increasingly more important in 
influencing limb robusticity (van der Meulen et al, 1995).
Paa-ko infants and children do not differ significantly in mean femoral 
robusticity, but mean femoral length and estimated mean body weight are significantly 
different. Comparisons between the infant and juvenile samples also show this pattern. 
These results indicate that Paa-ko infants, unexpectedly, have relatively robust femora. 
The high degree of femoral robusticity among infants may be explained from a fimetional 
perspective. Infant bone is not densely mineralized and thus is highly resistant to impact. 
The increased energy absorption and decreased stiffness of infant bone is an advantage if 
one considers the locomotive capabilities of an infant. Perhaps having robust femora is 
one way to buffer against mechanically weak woven bone.
Children and juveniles do not differ significantly in the three components (i.e. 
femoral length, robusticity and estimated body weight), but these results are most likely 
affected by sample size, since the juvenile group consists of only one individual. Finally, 
children and adolescents do not differ significantly in mean femoral robusticity or mean 
estimated body, but they do in mean femoral length. Therefore, femoral robusticity
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among immature individuals does not appear to correlate well with body proportions (i.e. 
stature and body weight).
The trend among immature Paa-koans is decreasing femoral robusticity with 
increasing femoral length (i.e. stature) and increasing body weight. The Point Sal samples 
show the same trend, except with the child, who, as earlier stated, may be an outlier. 
These results are unexpected since it is anticipated that larger individuals will have bones 
that are more robust, but Paa-koan children, juveniles and adolescents have robusticity 
values similar to Prehistoric females (11.7 ± 0.84) and males (12.6 ± 0.98). This may 
indicate that limb robusticity, which is most strongly correlated with climate (Pearson, 
2000), is determined very early in skeletal development.
Based on the limited data it appears that femoral robusticity among immature 
individuals: 1) poorly correlates to stature and body weight estimates, and, 2) is 
determined very early in skeletal growth and development. The second point can be 
tested further by examining trends in limb robustness among immature individuals from 
ecogeographieally-dispersed populations. The immature samples in the present study 
come from warm adapted populations, and femoral robusticity decreased from early to 
later maturation until it reached values found in adults. Since cold adapted populations 
typically have a greater degree of limb robusticity than warm adapted populations, it 
would be interesting to examine if the opposite trend occurs. If so, then it can be 
suggested that robusticity among immature individuals is indeed determined very early in 
maturation. If not, then it can be postulated that robusticity serves an important functional 
advantage in infants and children in that it may be one way to buffer against 
mechanically weak bone.
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Platymeria
In the adult samples, the affects of pelvic dimensions in influencing proximal 
femoral diaphyseal shape were considered negligible for two reasons: 1) trends in pelvic 
aperture shape were probably not significant given the short time spans studied, and 2) 
the sample populations come from similar latitudes so eeogeographic variation in body 
breadth is probably minor. However, among the immature age cohorts, it is necessary to 
take into account the changes the growth and development of the pelvis as possible 
factors in contributing to differences in the shape of the proximal femoral diaphysis.
All immature Point Sal and Paa-ko samples have a mean platymerie index within 
the range of platymeria as defined by Bass (1995). Among the Paa-ko samples, the infant 
group is the least platymerie (82.8 ± 10.6), while the adolescent group is the most (70.6 ± 
3.11). These two samples differ significantly in the degree of platymeria, and 
eomparisons of all other groups (i.e. infants and children, infants and juveniles, children 
and juveniles, children and adolescents, and juveniles and adolescents) yielded 
insignificant differences.
Interestingly, the Point Sal child, which appears to be an outlier (i.e. femoral 
length of 349 mm, robusticity value of 12.9, and pilasteric index of 1.20, which is higher 
than Stratum I males. Stratum II and III females), has a platymerie index that is not 
significantly different than that of the Paa-ko children group. The Point Sal and Paa-ko 
adolescent samples do not differ significantly either.
The results indieate that among immature individuals, the degree of platymeria is 
probably more flexible than it is in adults due to the changing dimensions in the
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configuration of the pelvis. A future study utilizing larger sample sizes of immature 
individuals is necessary to eonfirm this suggestion.
Conclusion
This study assumed that mechanically sensitive traits on adult lower limbs reflect 
mechanical loadings associated with aetivity levels of individuals within a population. 
Activity patterns can be presumed since subsistence practices of the populations are 
known, but as this study has shown, presumptions are not always correct. For instance, it 
is generally expected that sexual dimorphism of speeific skeletal traits is highest among 
hunters, foragers, and gathers, decreases among agrieulturalists and is practically 
nonexistent among urban populations. However, this pattern was not found in the relative 
size of the lower limbs (i.e. femoral and tibial robusticity) and degree of the posterior 
pilaster between Point Sal, San Nicolas and Prehistoric Paa-ko males and females. 
Conversely, the Historic Paa-ko sexes were sexually dimorphic in femoral and tibial 
robusticity.
A previously noted trend among populations practicing different subsistence 
economies is a reduction in mechanical loading around the knee from hunters-foragers- 
gatherers through industrialized populations. However, as this study has shown, trends in 
mechanical loading may not always follow a predictable pattern. Prehistoric male and 
female Paa-koans have mean pilasteric indices not significantly different fi-om their 
Historic counterparts, even though reliance on agriculture intensified in the latter period. 
One reason for this dissonance may be that the Prehistoric and Historic Paa-ko did not 
practice one subsistence economy to the exclusion of another. The wdde range of activity
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repertoires associated with broad-based subsistence practices may explain why 
Prehistoric and Historic Paa-koans have similar pilasteric indices. In this respect, future 
studies on biomechanics should consider populations practicing mixed and broad-based 
subsistence patterns. In addition, the dichotomization of subsistence economies into 
broad categories obscures population-speeific differences in activity patterns within each 
category. Therefore, mechanical assessments should be made from a population-specific 
biosocial and bioarchaeological perspective rather than with the use of blanket 
assumptions.
A second aim of this study was to look at the relationship between maturation and 
the expression of flexible traits in the femur. The objective was to observe if specific 
traits appear early in skeletal growth and development and change with maturation, 
appear late in development in response to external stimuli, or appear differentially during 
maturation in response to changes in skeletal growth and development, and external 
stimuli.
This study has shown that at eaeh suceessive stage in immature growth and 
development, flexible traits are not expressed differentially. Femoral robusticity 
decreases with increasing age, femoral length and body weight, but is only signifieantly 
different between the two extremes—infants and adolescents. The degree of platymeria 
increases with increasing age and is only significantly different, again, between infants 
and adolescents. However, the Dmax/Dmin ratio, which increases as platymeria increases, is 
not significantly different between any of the immature age cohorts. The relationship 
between skeletal growth and development and the expression of flexible traits is not very
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strong. It appears that trait flexibility is constrained during maturation, which most likely 
reflects the relationship between trait expression and environmental stimuli.
One of the main goals of anthropology is to put the past in perspective by 
understanding populations at various levels—socio-cultural, political, economic and 
biological. The optimum means by which to gain this understanding is by approaching 
anthropological problems from a multi-disciplinary perspective. Thus, it is important to 
know how accurately the archaeological and skeletal records correlate so that we can 
describe populations not just in cultural terms, but also in terms of behaviour.
For example, when the archaeological record indicates that a specific population 
practiced agriculture (i.e. the presence of ceramic utility vessels, mortars, metates, 
paleobotanical remains), the logical assumption is that the population participated in 
activity patterns typically associated with an agricultural lifestyle (i.e. increased 
sedentism). Thus, the economy is known, but the associated activity is only assumed. 
However, this study has shown that variation in mechanically sensitive morphological 
traits in adult lower limb bones, which are indicative of habitual activity patterns, can be 
used with a high degree of accuracy to reconstruct activity patterns in populations of 
known subsistence practices when such economies are exclusively practiced and when 
competing variables are controlled (i.e. terrain, climate, genetic variation).
Conversely, when subsistence practices are inclusive, or broad-based, such 
skeletal traits do not accurately describe activity, presumably because activity patterns are 
so varied. Thus, the relationship between activity and resultant skeletal morphology in 
populations practicing broad-based subsistence is ambiguous. Therefore, the 
archaeological and skeletal data do not correlate well in these populations.
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Limitations and Future Research 
The major limitations of this study are: 1) small sample sizes, and 2) only one 
area of the skeleton was targeted for analyses. Conservative and cautionary conclusions 
were drawn since sample sizes were small, but this does not necessarily dismiss the 
results since patterns found in previous studies were also observed in the present study. 
However, unexpected results deserve closer attention in future research. Additionally, 
although the sample sizes are not idealistic they certainly are realistic in the field of 
anthropology, particularly paleoanthropology.
This thesis has drawn attention to two areas of study that need additional research. 
First, reconstructing activity patterns in populations practicing broad-based subsistence 
economies is complicated and such populations deserve to be studied more carefully in 
terms of skeletal morphological variation before activity patterns can be reconstructed.
Second, robusticity in immature individuals should be looked at more carefully. 
This study has shown that femoral robusticity decreases with increasing age, femoral 
length and estimated body weight, which suggests that body proportions are very poor 
predictors of the robustness of the lower limbs in immatures. However, since the 
populations in this study (i.e. Paa-ko and Point Sal) are warm adapted, it is unclear 
whether this trend is related to climate (i.e. warm adapted populations typically have a 
lower degree of appendicular robusticity than cold adapted populations), or if robusticity 
among immatures follows a different pattern of expression than in adults. Future research 
should include a variety of samples from a range of ecogeographically dispersed 
populations to clarify this conundrum.
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ENDNOTES
* Various dates have been proposed for the Canalino Period. Based on archaeological 
surveys on San Nicolas Island between 1959-1960, Reinman et al, 1960 have dated the 
Canalino Period as 2000 BCE-1500 CE. The Middle Canalino falls roughly between 500 
BCE-100 CE and the Late Canalino from 100 CE-1500 CE. These dates will be adhered 
to since they are based on artifact sequences and burial customs specific to San Nicolas 
Island.
 ^As is the case with femoral robusticity, body size will be taken into account when 
calculating tibial robusticity.
 ^Australian (1.17), Ohio River Valley (1.18,1.20), Tennessee River Valley (1.17), 
Georgia (1.17), New Mexico (1.18) and Japanese (1.24) (Ruff, 1987).
Australian (1.08), Ohio River Valley (1.08,1.11), Tennessee River Valley (1.04), 
Georgia Coast (1.09), Pecos Pueblo (1.09) and Japanese (1.08) (Ruff, 1987).
 ^Male #17811 was not used in this study due to poor preservation, but associated 
funerary objects for this individual includes a knife and Olivella beads. (Carter, 1941).
 ^Khoisan (12.0 ± 0.7); Jebel Sahaba (11.9); Zulu (12.3 ± 0.7); African American (12.0 ± 
0.8); Australian (11.4 ± 0.8) (Pearson, 2000).
 ^Since the individuals in this study are from disturbed burials, associated funerary objects 
from intact burials are examined.
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GLOSSARY OF MEASUREMENTS
anterior-posterior subtrochanteric diameter, distance between the anterior and posterior 
surfaces at the proximal end of the diaphysis; measurement is taken perpendicular to the 
medial-lateral diameter and gluteal lines and/or tuberosities are avoided.
circumference at the nutrient foramen: circumference measured at the level of the 
nutrient foramen.
femoral bicondylar length: distance from the most superior point on the head to a plane 
drawn on the inferior surfaces of the distal condyles.
femoral epicondylar breadth: distance between the two most laterally projecting points 
on the epicondyles.
femoral maximum head diameter: the maximum diameter of the femoral head.
femoral midshaft circumference: circumference measured at the level of the midshaft 
sagittal and transverse diameters.
femoral midshaft diameter (sagittal): distance between the anterior and posterior surfaces 
measured approximately at the midpoint of the diaphysis, at the highest elevation of the 
linea aspera.
femoral midshaft diameter (transverse): distance between the medial and lateral surfaces 
at the midshaft; measurement is taken perpendicular to the sagittal midshaft diameter.
maximum diameter at the nutrient foramen: distance between the anterior crest and the 
posterior surface at the level of the nutrient foramen.
medial-lateral diameter at the nutrient foramen: straight line distance of the medial 
margin from the interosseous crest at the level of the nutrient foramen.
medial-lateral subtrochanteric diameter: distance between the medial and lateral surfaces 
of the proximal end of the diaphysis at the point of greatest expansion below the lesser 
trochanter and perpendicular to the anterior-posterior subtrochanterie diameter.
tibial length: distance from the superior articular surface of the lateral condyle to the tip 
of the medial malleolus.
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tibial maximum distal epiphyseal breadth: maximum distance between the two most 
laterally projecting points on the medial malleolus and the lateral surface of the distal 
articular region.
tibial maximum proximal epiphyseal breadth: maximum distance between the two most 
laterally projecting points on the medial and lateral condyles of the proximal articular 
region.
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APPENDIX I
Formulae for platymeria and platycnemia from Bass (1995).
platymerie index = subtrochanteric anterior-posterior diameter (100)
subtrochanteric medial-lateral diameter
Range:
A-84.9 (platymerie)
85.0-99.9 (eurymeric)
100.0-X (stenomeric)
platycnémie index = medial-lateral diameter at the nutrient foramen (1001
anterior-posterior diameter at the nutrient foramen
Range:
X-54.9 (hyperplatycnemic)
55.0-62.9 platycnémie)
63.0-69.9 (mesocnemic)
70.0-X (eurycnemic)
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APPENDIX II
Formulae for estimation of stature based on South Americans from Genoves
1967.
males:
Femur: stature®  ^2.26 (femur length in cm) + 66.379 +/- 3.417 
Tibia: stature= 1.96 (tibia length in cm) + 93.752 +/- 2.812
females:
Femur: stature= 2.59 (femur length in cm) + 49.742 +/- 3.816 
Tibia: stature= (tibia length in cm) + 63.781 +/- 3.513
Estimation of body size derived by multiple regression equations of body weight 
on stature and latitude on a world wide sample of modem humans (mixed sex) (r = .833 
and S.E.E. = 5.0) (Ruff et al, 1993b).
weight*’= .504(stature)° + .218(latitude) -  29.1
Measured in centimeters (cm). 
 ^Measured in kilograms (kg).
 ^Measured in centimeters (cm).
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APPENDIX III
Formulae for robusticity from Pearson (2000).
femoral robusticity index = A-P diameter + M-L diameter at the midshaft (100)
bicondylar length
tibial robusticity index = A-P diameter at NF + M-L diameter at NF (1001
articular length
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APPENDIX IV
Stature estimates are based on femoral and tibial length measurements from the 
right side. Since immature individuals were not aged, the female formula was used to 
estimate stature.
Point Sal
SDMM#
18127
18129
18130 
18275
Stratum I Males
Femoral Length 
414 
433 
410 
447
Estimated Stature 
159.9+/-3.417 
164.2+/-3.417 
159.0+/-3.417 
167.4+/-3.417
SDMM#
17867
17869
17870
Stratum II Females
Femoral Length 
400 
380 
417
Estimated Stature 
153.3+/-3.816 
148.2+/-3.816 
157.7+/-3.816
SDMM#
17749
17857
17859
Stratum III Females
Femoral Length 
403 
452 
447
Estimated Stature 
154.1+/-3.816
166.8 +/- 3.816 
165.5+/-3.816
SDMM#
17808
17809 
17812
Stratum III Males
Femoral Length 
436 
427 
415
Estimated Stature 
164.9 +/- 3.417 
162.9+/-3.417 
160.2+/-3.417
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SDMM#
18129
18130 
18275
Stratum I Males
Tibial Length 
375 
356 
406
Estimated Stature 
167.3+/-2.812 
163.5+/-2.812 
173.3+/-2.812
SDMM#
17867
17869
17870
Stratum II Females
Tibial Length 
424 
318 
354
Estimated Stature
179.1 +/-3.513 
150.3+/-3.513
160.1 +/-3.513
SDMM#
17865
18126
Stratum II Males
Tibial Length 
341 
360
Estimated Stature 
160.0+/-2.812 
164.3+/-2.812
SDMM#
17749
17810
17857
17859
Stratum III Females
Tibial Length 
340 
290 
388 
367
Estimated Stature 
156.3+/-3.513 
142.7+/-3.513 
169.3+/-3.513 
163.6+/-3.513
SDMM#
17808
17809 
17812
Stratum III Males
Tibial Length 
367
347
348
Estimated Stature
165.7 +/- 2.812 
161.8+/-2.812 
162.0+/- 2.812
San Nicolas
Middle Canalino Females
SDMM# Femoral Length
17649 410
17651 388
17653 496
17657 353
17675 391
17677 419
17690 395
Estimated Stature 
155.9+/-3.816 
150.2+/-3.816 
154.9+/-3.816 
141.2+/-3.816 
151.0+/-3.816 
158.3+/-3.816 
152.0+/-3.816
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SDMM#
17648
17649 
17652 
17654
17673
17674 
17684 
17717
17730
17731
Middle Canalino Males
Femoral Length 
396
432 
434
433 
442 
442 
402 
461 
424 
412
Estimated Stature 
155.9+/-3.417 
164.0+/-3.417
164.5 +/- 3.417 
164.2+/-3.417 
166.3+/-3.417
166.3 +/- 3.417 
157.2+/-3.417
170.6 +/- 3.417 
162.2+/-3.417
159.5 +/- 3.417
SDMM#
17650
17660
17670
17680
17681 
17688
17718
17719 
17724
Late Canalino Females
Femoral Length 
400 
400 
386 
407 
404 
389 
404 
384 
400
Estimated Stature 
153.3+/-3.816 
153.3+/-3.816 
149.7+/-3.816 
155.2+/-3.816 
154.4+/-3.816 
150.5+/-3.816 
154.4+/-3.816 
149.2+/-3.816 
153.3+/-3.816
SDMM#
17655
17656 
17659 
17672 
17678 
17685
17714
17715
17725
17726
17727 
17729
Late Canalino Males
Femoral Length 
440 
411
419 
415 
413 
408 
405 
452 
444
420 
440 
431
Estimated Stature 
165.8+/-3.417 
159.3+/-3.417
161.1 +/-3.417 
160.2+/-3.417 
159.7+/-3.417 
158.6+/-3.417 
157.9+/-3.417 
168.5+/-3.417 
166.7+/-3.417 
161.3+/-3.417
165.8 +/- 3.417
163.8 +/- 3.417
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Paa-ko
SDMM#
1971-82-20
1971-82-41
1971-82-63
1971-82-91
1971-82-106a
1971-82-111
1971-82-112
1971-82-114
Prehistoric Females
Femoral Length
380 
423 
398 
408 
376 
400 
406
381
Estimated Stature
148.2 +/- 3.816 
159.3+/-3.816 
152.8+/-3.816
155.4 +/-3.816
147.1 +/-3.816 
153.3+/-3.816 
154.9+/-3.816 
148.4+/-3.816
SDMM#
1971-82-19
1971-82-56
1971-82-64
1971-82-118
1971-82-132
1971-82-138b
1971-82-147
1971-82-155
Prehistoric Males
Femoral Length 
444 
435 
408 
464 
441 
397 
405 
403
Estimated
166.7 +/- 
164.7+/-
158.6 +/- 
171.2+/- 
166.0 +/-
156.1 +/-
157.9 +/-
157.5 +/-
Stature
3.417
3.417
3.417
3.417
3.417
3.417
3.417
3.417
SDMM#
1971-82-7
1971-82-11
1971-82-14
Historic Females
Femoral Length 
410 
391 
396
Estimated Stature 
155.9+/-3.816 
151.0+/-3.816 
152.3+/-3.816
SDMM#
1971-82-1
1971-82-15
Historic Males
Femoral Length 
386
427
Estimated Stature 
153.6+/-3.417 
162.9+/-3.417
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SDMM#
1971-82-41
1971-82-63
1971-82-91
1971-82-111
1971-82-112
1972-82-114
Prehistoric Females
Tibial Length 
362 
342 
329 
324 
332 
322
Estimated Stature 
162.2+/-3.513 
156.8+/-3.513 
153.3+/-3.513 
151.9+/-3.513 
154.1 +/-3.513 
151.4+/-3.513
SDMM#
1971-82-19
1971-82-34
1971-82-64
1971-82-98
1971-82-118
1971-82-132
1971-82-138b
1971-82-147
Prehistoric Males
Tibial Length 
378 
367 
360 
341 
391 
382 
333 
350
Estimated 
167.8 +/- 
165.7+/-
164.3 +/- 
160.6+/- 
170.4+/- 
168.6+/- 
159.0+/-
162.4 +/-
Stature
2.812
2.812
2.812
2.812
2.812
2.812
2.812
2.812
SDMM#
1971-82-7
1971-82-11
1971-82-14
Historic Females
Tibial Length 
341 
319 
321
Estimated Stature 
156.5+/-3.513 
150.5+/-3.513 
151.1 +/-3.513
SDMM#
1971-82-15
Historic Males
Tibial Length 
362
Estimated Stature 
164.7+/-2.812
Point Sal Immatures
SDMM#
18132
Children
Femoral Length 
349
Estimated Stature 
140.1 +/-3.816
SDMM#
18274
Juveniles
Femoral Length 
308
Estimated Stature 
129.5 +/- 3.816
SDMM#
17868
Adolescents
Femoral Length 
344
Estimated Stature 
138.8+/-3.816
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Paa-ko Immatures
SDMM#
1971-82-93
1971-82-95
1971-82-124
1971-82-126
1971-82-135
1971-82-139
Infants
Femoral Length 
112 
126 
156 
129 
147 
131
Estimated Stature 
78.8+/-3.816 
82.4+/-3.816
90.1 +/-3.816 
83.2+/-3.816 
87.8+/-3.816 
83.7+/-3.816
SDMM#
1971-82-47
1971-82-48
1971-82-101
Children
Femoral Length 
239 
186 
139
Estimated Stature 
111.6+/-3.816 
97.9+/-3.816
85.7 +/-3.816
SDMM#
1971-82-39
Juveniles
Femoral Length 
327
Estimated Stature 
134.4+/-3.816
SDMM#
1971-82-67
1971-82-97
Adolescents
Femoral Length 
335 
251
Estimated Stature 
136.5+/-3.816 
114.8+/-3.816
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APPENDIX V
Estimated weight is based on stature estimates derived from femoral length.
Point Sal (35^ 24’N)
Stratum I Males
SDMM# Estimated Weight 
18127 59.1
18129 61.3
18130 58.7
18275 62.9
Stratum II Females
SDMM# Estimated Weight
17867 55.8
17869 53.2
17870 58.0
Stratum II Males
SDMM# Estimated Weight
17865 59.5*
18126 6E3*
Stratum III Females
SDMM# Estimated Weight
17749 56.2
17810 50.5*
17857 62.6
17859 61.9
Stratum III Males
SDMM# Estimated Weight
17808 61.6
17809 60.3
17812 59.3
1 ----------------------------------------------------
Based on tibial length.
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San Nicolas (34" 12’N)
Middle Canalino Females Late Canalino Females
SDMM# Estimated Weight SDMM# Estimated Weight
17647 56.9 17650 55.6
17651 54.0 17660 55.6
17653 56.4 17679 53.8
17657 49.5 17680 56.5
17675 54.4 17681 56.1
17677 58.1 17688 54.2
17690 54.9 17718 56.1
17719 515
Middle Canalino Males 17724 55.6
SDMM# Estimated Weight
17648 56.9 Late Canalino Males
17649 61.0 SDMM# Estimated Weight
17652 61.2 17655 61.9
17654 61.1 17656 58.6
17673 62.1 17659 59.5
17674 62.1 17672 59.1
17684 57.5 17678 58.8
17717 64.3 17685 58.2
17730 60.1 17714 57.9
17731 58.7 17715 63.2
17725 62.3
17726 59.6
17727 61.9
17729 60.9
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Paa-ko (35" 3’N)
Prehistoric Females Historié Females
SDMM# Estimated Weight SDMM# Estimated Weight
1971-82-20 53.2 1971-82-7 57.1
1971-82-41 58.8 1971-82-11 54.6
1971-82-63 55 j 1971-82-14 55.3
1971-82-91 56.9
1971-82-106a 52.7 Historic Males
1971-82-111 55.8 SDMM# Estimated Weight
1971-82-112 56.6 1971-82-1 55.9
1971-82-114 513 1971-82-15 60.6
Prehistoric Males
SDMM# Estimated Weight
1971-82-19 625
1971-82-34 620*
1971-82-56 61.5
1971-82-64 58.5
1971-82-98 59jf
1971-82-118 64.8
1971-82-132 62.2
1971-82-1386 57.2
1971-82-147 58^
1971-82-155 57.9
Based on tibial length.
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Point Sal Immatures
Children
SDMM# Estimated Weight
18132 49.1
Juveniles
SDMM# Estimated Weight
18274 43.8
Adolescents
SDMM# Estimated Weight
17868 48.5
Paa-ko Immatures 
Infants
SDMM# Estimated Weight
1971-82-93 18.2
1971-82-95 20.1
1971-82-124 23.9
1971-82-126 20.5
1971-82-135 22.7
1971-82-139 20.7
Children
SDMM# Estimated Weight
1971-82-47 34.8
1971-82-48 27.9
1971-82-101 21.7
Juveniles
SDMM# Estimated Weight
1971-82-39 46.3
Adoleseents
SDMM# Estimated Weight
1971-82-67 47.3
1971-82-97 36.4
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